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Apft-2 LIGAND 



PCT/US97/00272 



RFLATFn APPLICATIONS 
This application is a continuation-in-part application of U.S. application serial no. 
08/584,031 filed January 9, 1996. the contents of which arc incorporated herein by reference. 
5 FTFt.nOFTHE INVENTION 

The present invention relates generally to the identification, isolation, and recombinant 
production of a novel cytokine, designated herein as "Apo-2 ligand", which induces mammalian cell apoptosis, 
to Apo-2 ligand antibodies and to methods of using such compositions. 

RArKGROlIND OF THK TNVFNTION 

10 Control of cell numbers in mammals is believed to be determined, in part, by a balance 

between cell proliferation and cell death. One fonm of cell death, sometimes referred to as necrotic cell death, 
is typically characterized as a pathologic form of cell death resulting from some trauma or cellular injury. In 
contrast, there is another, "physiologic" fomi of cell death which usually proceeds in an orderly or conn-oiled 
manner. This orderly or controlled form of cell death is often referred to as "apoptosis" [see, e.g.. Barr et al., 

1 5 Bio/Technology . i2:487-493 ( 1 994)]. Apoptotic cell death naturally occurs in many physiological processes, 
including embryonic development and clonal selection in the immune system [Itoh et al., Cell. fifi:233-243 
(1991)]. Decreased levels of apoptotic cell death, however, have been associated with a variety of pathological 
conditions, including cancer, lupus, and herpes virus infection [Thompson, Science . 262: '456- 1462 {1 995)]. 

Apoptotic cell death is typically accompanied by one or more characteristic morphological 

20 and biochemical changes in cells, such as condensation of cytoplasm, loss of plasma membrane microvilli, 
segmentation of the nucleus, degradation of chromosomal DNA or loss of mitochondrial function. A variety 
of extrinsic and intrinsic signals arc believed to trigger or induce such morphological and biochemical cellular 
changes [Raff, Nature. 256:397-400 (1 992); Slellcr, Science . 262: 1445-1 449 (1995); Sachs et al., filsKld. SZ'. 1 5 
(1993)]. For instance, they can be triggered by hormonal stimuli, such as glucocorticoid hormones for 

25 immature thymocytes, as well as withdrawal of certain growth factors [Watanabe-Fukunaga et al.. N^TVrt, 
356:3 14-3 1 7 (1992)]. Also, some identified oncogenes such as myc, rel, and EI A, and tumor suppressors. like 
piJ, have been reported to have a role in inducing apoptosis. Certain chemotherapy drugs and some forms of 
radiation have likewise been observed to have apoptosis-inducing activity (Thompson, sujual- 

Various molecules, such as tumor necrosis factor-a ("TNF-a"), tumor necrosis factor- p 

30 ("TNF-p- or "lymphotoxin"), CD30 ligand, CD27 ligand. CD40 ligand, OX-40 ligand, 4-1 BB ligand, and 
Apo-I ligand (also referred to as Fas ligand or CD95 ligand) have been identified as members of the tumor 
necrosis factor ("TNF") family of cytokines [Sec, e.g., Gniss and Dower, filfloi fi5:3378-3404 (1995)]. 
Among these molecules, TNF-a, TNF-p, CD30 ligand, 4- IBB ligand, and Apo-1 ligand have been reported 
to be involved in apoptotic cell death. Both TNF-o and TNF-P have been reported to induce apoptotic death 

35 in susceptible tumor cells [Schmid ci al., Proc. Natl. Acad. Sci.. £2:1881 (1986); Dealtry ct al.. Eur. J. 
Immunol. . 12:689 (1987)]. Zheng et al. have reported that TNF-a is involved in post-stimulation apoptosis 
of CD8-positive T cells [Zheng et al.. Nature. 227:348-351 (1995)]. Other investigators have reported that 
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CD30 ligand may be involved in deletion of self-reactive T cells in the thymus [Amakawa ci al.. Cold Spring 
Harbor laboratory Symposium on Programmed Cell Death, Abstr. No. 10. (1995)]. 

Mutations in the mouse Fas/Apo-1 receptor or ligand genes (called Ipr and gld, respectively) 
have been associated with some autoimmune disorders, indicating that Apo-I ligand may play a role in 
5 regulating the clonal deletion of self-reactive lymphocytes in the periphery [Krammer ct al.. Curr. Op. 
Immunol. . 6:279-289 (1994); Nagata ct al.. Stifilltfi. 262:1449-1456 (1995)]. Apo-I ligand is also reported 
to induce post-stimulation apoptosis in CD4-pasitive T lymphocytes and in B lymphocytes, and may be 
involved in the eliminaticm of activated lymphocytes when their fUnction is no longer needed [Krammer et al.. 
£lU2rs; Nagata et al.. supra ]. Agonist mouse monoclonal antibodies specifically binding to the Apo-1 receptor 

1 0 have been reported to exhibit cell killing activity that is comparable to or similar to that of TNF-a fYonehara 
ct al.. J. Exp. Med.. 169 : 1 747- 1 7 56 ( 1 989)]. 

Induction of various cellular responses mediated by such TNF family cytokines is believed 
to be initiated by their binding to specific cell receptors. Two distinct TNF receptors of approximately 55-kDa 
(TNF-Rl) and 75-kDa (TNF-R2) have been identified [Hohman et al.. J. Biol. Chem. . 264:14927-14934 

15 (1989): Brockhaus et aL Proc. Natl. Acad. Sci.. 87:3127-3131 (1990); EP 4 1 7.563, published March 20. 1991] 
and human and mouse cDNAs corresponding to both receptor types have been isolated and characterized 
(Loctscher et al., C£U.fii:35l (1990); Schali etal..££ll.fii:361 (1990); Smith et al., SckoCfe. 243:1019-1023 
(1990); Lewis et al., Proc. Natl. Acad. Sci. . 45:2830-2834 (1 99 1); Goodwin et al., Mol. Cell. Biol.. 11:3020- 
3026(1991)]. 

20 Itoh et al. disclose that the Apo-1 receptor can signal an apoptotic cell death similar to that 

signaled by the 55-kDa TNF-Rl [Itoh et al., supra) . Expression of the Apo-1 antigen has also been reported 
to be down-regulated along with that of TNF-Rl when cells are treated whh either T>JF-a or anti-Apo- 1 mouse 
monoclonal antibody [Krammer et al., supra : Nagata et al.. supra ]. Accordingly, some investigators have 
hypothesized that cell lines that co-express both Apo- 1 and TNF-Rl receptors may mediate cell killing through 

25 common signaling pathways [liL]- 

The TNF family ligands identified to date, with the exception of lymphotoxin-a, are type 
II transmembrane proteins, whose C-terminus is extracellular. In contrast, the receptors in the TNF receptor 
(TNFR) family identified to date arc type I transmembrane proteins. In both the TNF ligand and receptor 
families, however, homology ideniiried between family members has been found mainly in the extracellular 

30 domain (TBCD"). Several of the TNF family cytokines, including TNF-a. Apo-1 ligand and CD40 ligand. are 
cleaved proteolytically at the cell surface; the resuhing protein in each case typically forms a homotrimeric 
molecule that ftinctions as a soluble cytokine. TNF receptor family proteins are also usually cleaved 
proteolytically to release soluble receptor ECDs that can function as inhibitors of the cognate cytokines. For 
a review of the TNF family of cytokines and their receptors, see Gruss and Dower, sunra . 

35 SU1V1MA R Y QF TH E I NV EN TI O N 

Applicants have identified cDNA clones that encode a novel cytokine, designated "Apo-2 
ligand." It is presently believed that Apo-2 ligand is a member of the TNF cytokine family; Apo-2 ligand is 
related in amino acid sequence to some known TNF-retated proteins, including the Apo- 1 ligand. Applicants 
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found, however, that the Apo-2 ligand is not inhibited appreciably by known soluble Apo-I or TNF receptors, 
such as the Fas/Apo-1. TNF-Rl, or TNF-R2 receptors. 

In one embodiment, the invention provides isolated biologically active Apo-2 ligand. In 
particular, the invention provides isolated biologically active Apo-2 ligand which includes an amino acid 
5 sequence comprising residues 1 1 4-28 1 of Figure I A. In another embodiment, the Apo-2 ligand includes an 
amino acid sequence comprising residues 41-281 or 15-281 of Figure 1 A. In another embodiment, the isolated 
biologically active Apo-2 ligand includes an amino acid sequence shown as residues I -28 1 of Figure 1 A (SEQ 
1DN0:1). 

In another erabodimcnl, the invention provides chimeric molecules comprising Apo-2 ligand 
10 fiised to another, heterologous polypeptide. An example of such a chimeric molecule comprises the Apo-2 
ligand fused to a tag polypeptide sequence. 

In another embodiment, the invention provides an isolated nucleic acid molecule encoding 
Apo-2 ligand. In one aspect, the nucleic acid molecule is RNA or DNA that encodes a biologically active Apo- 
2 ligand or is complementary lo a nucleic acid sequence encoding such Apo-2 ligand, and remains stably bound 
15 to it under at least moderately stringent conditions. In one embodiment, the nucleic acid sequence is selected 
from: 

(a) the coding region of the nucleic acid sequence of Figure I A that codes for the fiill-lcngth 
protein from residue 1 to residue 281 (i.e., nucleotides 91 through 933), inclusive, or nucleotides 21 1 through 
933 that encodes for the extracellular protein from residue 4 1 to 28 1 , inclusive, or nucleotides 430 through 933 

20 that encodes for the extracellular protein from residue 1 14 to 281, inclusive, of the nucleic acid sequence shown 
in Figure iA (SEQ ID N0:2); or 

(b) a sequence corresponding to the sequence of (a) within the scope of degeneracy of the 

genetic code. 

In a further embodiment, the invention provides a replicabic vector comprising the nucleic 
25 acid molecule encoding the Apo-2 ligand operably linked to control sequences recognized by a host cell 
transfectcd or transfonmcd with the vector. A host cell comprising the vector or the nucleic acid molecule is 
also provided. A method of producing Apo-2 ligand which comprises culturing a host cell comprising the 
nucleic acid molecule and recovering the protein ftx)m the host cell culture is fiirther provided. 

in another embodiment, the invention provides an antibody which binds to the Apo-2 ligand. 
30 In one aspect, the antibody is a monoclonal antibody having antigen specificity for Apo-2 ligand. 

In another embodiment, the invention provides a composition comprising biologically active 
Apo-2 ligand and a phamiaceutically-accepiable earner. The ccrni position may be a pharmaceutical 
composition useful for inducing or stimulating apoptosis. 

In another embodiment, the invention provides a method for inducing apoptosis in 
35 mammalian cells, comprising exposing mammalian cells, w vivo or ex vivo, to an amount of Apo-2 ligand 
effective for inducing apoptosis. 

In another embodiment, the invention provides methods of treating a mammal having cancer. 
In the methods, an effective amount of Apo-2 ligand is administered to a mammal diagnosed as having cancer. 
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The Afx>-2 ligand may abo be administered to the mammai along with one or more other therapies, such as 
chemotherapy, radiation therapy, or other agents capable of exerting anti-tumor activity. 

A further embodiment of the invention provides articles of manufacture and kits that include 
Apo-2 ligand or Apo-2 ligand antibodies. The articles of manufacture and kits include a container, a label on 
5 the container, and a composition contained within the container. The label on the container indicates that the 
composition can be used for certain therapeutic or non-thcrapcutic applications. The composition contains an 
active agent, and the active agent comprises Apo-2 ligand or Apo-2 ligand antibodies. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure I A shows the nucleotide sequence of human Apo-2 ligand cDNA and its derived 
10 am ino ac id sequ ence . 

Figure IB shows an alignment of the C-tcnninal region of human Apo-2 ligand with the 
corresponding region of known members of the human TNF cytokine family. 4-lBBL, OX40L, CD27L, 
CD30L, TNF-a. LT-p, LT-a, CD40L, and Apo-IL. 

Figures 1 C- IE show (C) the cellular topology of the recombinant, fiill-Iength, C-terrninal myc 
1 5 epitope-tagged Apo-2 ligand expressed in human 293 cells, as dctcnnincd by FACS analysis using anti-myc 
epitope antibody; (D) the size and subunit structure of recombinant, Hisjq cpl tope-tagged soluble Apo-2 
expressed in recombinant baculovirus-tnfected insect cells and purified by Ni'^'^^-chelaic affinity 
chromatography, as determined with (lanes 2, 3) or without (lane 1) chemical cross I inking followed by SDS- 
PAG£ and silver staining; (E) the size and subunit structure of recombinant, gO epitope-tagged. soluble Apo-2 
20 ligand expressed in metabolically labeled human 293 cells, as determined by immunoprecipitation with anti-gD 
epitope antibody, followed by SDS-PAGE and autoradiography. 

Figures 2A-2E show the induction of apoptosis in B and T lymphocyte cell lines by Apo-2 
ligand. Apoptotic cells were identified by characteristic moipho logical changes (A); by positive fluorescence 
staining with propidium iodide (PI) and FITC-conjugatcd annexin V, measured by flow cytometry (B-D); and 
25 by analysis of intemucleosomal DNA fragmentation (E). 

Figures 3A-3C show the time course and the dose-dependence of Apo-2 ligand-lnduced 
apoptosis and the tack of inhibition of Apo-2 ligand-induced apoptosis by soluble receptor-IgG-fusion proteins 
based on the Fas/Apo-1 receptor, TNF-Rl receptor, or TNF-R2 receptor. 

Figure 4 shows the expression of Apo-2 ligand mRNA in human fetal and human adult 
30 tissues, as measured by Northern blot analysis. 

Figure 3 shows the in vivo effect of Apo-2 ligand, administered by intratumor injection, alone 
or in combination with Doxorubicin, on the weight of human MDA23 1 breast carcinoma-based tumors grown 
in nude mice. 

Figure 6 shows the in vivo effect of Apo-2 ligand, administered by intratumor injection, alone 
35 or in combination with 5-FU, on the weight of human HCTI 16 colon carcinoma-based tumors grown in nude 
mice. 

Figure 7 shows the in vivo effect of Apo-2 ligand, administered by intraperitoneal injection, 
alone or in combination with 5-FU, on the size of human HCTI 16 colon carcinoma-based tumors grown in 
nude mice. 
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Figure 8 shows the in vivo effect of Apo-2 ligand, administered by intraperitoneal injection, 
alone or in combination with 5-FU, on the weight of human HCTl 16 colon carcinoma-based tumors grown in 
nude mice. 

Figure 9 is a bar diagram illustrating that Crm A but not dominant negative FADD blocks 
5 Apo-2 ligand-induced apoptosis in HeLa-S3 cells. 

Figure 10 shows FACS analysis of apoptosis induced by Apo-2 ligand and the effect of four 
anti-Apo-2 ligand antibodies: IDl, 2G6, 2EI I, and 5C2 (apoptotic 9D cells detected using FITC-conjugated 
anncxin V - bold line; live, unstained cells - thin line). 

Figure 1 1 is a bar diagram illustrating antigen specificity of monoclonal antibodies IDt, 2G6. 

10 2Ell,and5C2. 

Figure 12 is a bar diagram illustrating the results of an epitope mapping assay of monoclonal 
antibodies IDl. 2G6, 2E! 1. and 5C2. 

Figure 1 3 is a bar diagram illustrating the results of an assay testing the ability of monoclonal 
antibody ID I to bind to several different synthetic peptides consisting of specific amino acid regions of the 
15 Apo-2 ligand. 

nFTAri FD PFSCRIPTTON OFTHE PREFERRED E MBODIMENTS 

i. Pgfiniuons 

The tcnns ''Apo-2 ligand" and "Apo-2L" are used herein to refer to a polypeptide sequence 
which includes amino acid residues 1 14-281, inclusive, residues 4 1-28 1, inclusive, residues 15-281, inclusive, 

20 or residues 1-281 , inclusive, of the amino acid sequence shown in Figure 1 A, as well as biologically active 
deletional, insertional, or substitutional variants of the above sequences. In a preferred embodiment, the 
polypeptide sequence has at least residues 1 14-281 of Figure 1 A. In another preferred embodiment, the 
biologically active variants have at least about 80% sequence identity, more preferably at least about 90% 
sequence identity, and even more preferably, at least about 95% sequence identity with any one of the above 

25 sequences. The definition encompasses Apo-2 ligand isolated from an Apo-2 ligand source, such as from the 
human tissue types described herein {see Example 8) or from another source, or prepared by recombinant or 
synthetic methods. The present definition of Apo-2 ligand excludes known EST sequences, such as GenBank 
HHEA47M, T90422, R31020. H43566, H44565. H44567. H54628, H44772, H54629, T82085, and T 10524. 

The term "epitope tagged" when used herein refers to a chimeric polypeptide comprising 

30 Apo-2 ligand, or a portion thereof, fused to a "tag polypeptide". The tag polypeptide has enough residues to 
provide an epitope against which an antibody can be made, yet is shcKt enough such that it does not interfere 
with activity of the Apo-2 ligand. The tag polypeptide preferably also is fairly unique so that the antibody does 
not substantially cross-react with other epitopes. Suitable tag polypeptides generally have at least six amino 
acid residues and usually between about 8 to about 50 amino acid residues (preferably, between about 10 to 

35 about 20 residues). 

"Isolated," when used to describe the various proteins disclosed herein, means protein that 
has been identified and separated and/or recovered from a component of its natural environment. Contaminant 
components of its natural environment are materials that would typically interfere with diagnostic or therapeutic 
uses for the protein, and may include enzymes, hormones, and other proteinaceous or non-proteinaceous 
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solutes. In preferred embodiments, the protein will be purified (1 ) to a degree sufficient to obtain at least 15 
residues of N-tcrminal or internal amino acid sequence by use of a spinning cup sequenator. or (2) lo 
homogeneity by SDS-PAGE under non-reducing or reducing conditions using Coomassie blue or, preferably, 
silver stain. Isolated protein includes protein in sUu within recombinant cells, since at least one component of 
the Apo-2 iigand natural environment will not be present. Ordinarily, however, isolated protein will be 
prepared by at least one purification step. 

An "isolated" Apo-2 ligand nucleic acid molecule is a nucleic acid molecule that is identified 
and separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated in the 
natural source of the Apo-2 ligand nucleic acid. An isolated Apo-2 iigand nucleic acid molecule is other than 
in the form or setting tn which it is found in nature. Isolated Apo-2 ligand nucleic acid molecules therefore are 
distinguished from the Apo-2 ligand nucleic acid molecule as it exists in natural cells. However, an isolated 
Apo-2 ligand nucleic acid molecule includes Apo-2 ligand nucleic acid molecules contained in cells that 
ordinarily express Apo-2 ligand where, for example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

The temi "control sequences" refers to DNA sequences necessary for the expression of an 
opcrably linked coding sequence in a particular host organism. The control sequences that are suitable for 
prokaryotes, for example, include a promoter, optionally an operator sequence, and a ribosome binding site. 
Eukaiyotic cells arc known to utilize promoters, polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a fiinctionai relationship with anodier 
nucleic acid sequence. For example, DNA for a presequence or secretory leader is opcrably linked to DNA 
for a polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; a 
promoter or enhancer is opcrably linked to a coding sequence if it affects the transcription of the sequence; or 
a ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate translation. 
Generally, "operably linked" means that the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. 
Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic 
oligonucleotide adaptors or linkers are used in accordance with conventional practice. 

The term "antibody" is used in the broadesl sense and specifically covers single anti-Apo-2 
ligand monoclonal antibodies (including agonist and antagonist antibodies) and anti-Apo-2 ligand antibody 
compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from a 
population of substantially homogeneous antibodies, ie, the individual antibodies comprising the population 
are identical except for possible naturally-occurring mutations that may be present in minor amounts. 
Monoclonal antibodies arc highly specific, being directed against a single antigenic site. Furthermore, in 
contrast to conventional (polyclonal) antibody preparations which typically include different antibodies directed 
against dififenent detenninants (epitopes), each monoclonal antibody is directed against a single deicrminant 
on the antigen. 

The mcmockmal antibodies herein include hybrid and recombinant antibodies produced by 
splicing a variable (including hypcrvariable) domain of an anti-Apo-2 ligand antibody with a constant domain 
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(e.^. "humanized" antibodies), or a light chain with a heavy chain, or a chain from one species with a chain 
from another species, or fusions with heterologous proteins, regardless of species of origin or immunoglobulin 
class or subclass designation, as well as antibody fragments {e.g.. Fab, Ffab')2, and Fv), so long as they exhibit 
the desired activity. See, e.g. U.S. Pat. No. 4,8 16,567 and Mage et a!., in Monoclonal Antibodv Production 
Techniques and Apolications . pp.79-97 (Marcel Dekker, Inc.: New York. 1987). 

Thus, the modifier "monoclonar indicates the character of the antibody as being obtained 
from a substantially homogeneous population of antibodies, and is not to be constnied as requiring production 
of the antibody by any particular method. For example, the monoclonal antibodies to be used in accordance 
with the present invention may be made by the hybridoma method first described by Kohler and Milstein, 
Mamrt. 256:^95 (1975), or may be made by recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from phage libraries generated using the 
techniques described in McCafTerty ct al., Nature. Mi:552-554 (1990), for example. 

"Humanized" forms of non-human {e.g. murine) antibodies are specific chimeric 
immunoglobul ins, immunogiobultn chains, or fragments thereof (such as Fv. Fab, Fab', F(ab')2 or other antigen- 
binding subsequences of antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. For the most part, humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementarity detemiining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, rat, or rabbit having the desired 
specificity, affmity, and capacity. In some instances, Fv framework region (FR) residues of the human 
immunogiobultn are replaced by corresponding non-human residues. Furthermore, the humanized antibody 
may comprise residues which are found neither in the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and optimize antibody performance. In general, 
the humanized antibody will comprise substantially all of at least one, and typically two, variable domains, in 
which all or substantially all of the CDR regions correspond to tfiosc of a non-human immunoglobulin and all 
or substantially alt of the FR regions are those of a human immunoglobulin consensus sequence. The 
humanized antibody opthnally also will comprise at least a portion of an immunoglobulin constant region (Fc), 
typically that of a human immunoglobulin, 

"Biologically active" for the purposes herein to characterize Apo-2 ligand means having the 
ability to induce or stimulate apoptosis in at least one type of mammalian cell in vivo or ex vivo. 

The terms "apoptosis" and "apoptotic activity" are used in a broad sense and refer to the 
orderly or controlled fonn of cell death in mammals that is typically accompanied by one or more characteristic 
cell changes, including condensation of cytoplasm, loss of plasma membrane microvilli, segmentation of the 
nucleus, degradation of chromosomal DNA or k>ss of mitochondrial function. This activity can be determined 
and measured, for instance, by cell viability assays, FACS analysis or DNA electrophoresis. 

The terms "cancer" and "cancerous" refer to or describe the physiological condition in 
mammals that is typically characterized by unregulated cell growth. Examples of cancer include but are not 
limited to, carcinoma, lymphoma, leukemia, blastema, and sarcoma. More particular examples of such cancers 
include squamous cell carcinoma, small-cell lung cancer, non-small cell lung cancer, neuroblastoma, pancreatic 
cancer, glioblastoma multiforme, cervical cancer, stomach cancer, bladder cancer, hepatoma, breast cancer, 
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colon carcinoma, and head and neck cancer. In one embodiment, the cancer includes follicular lymphoma, 
carcinoma withpii mutations, or hormone-dependent cancer such as breast cancer, prostate cancer, or ovarian 
cancer. 

The terms "treating," "n-eatment," and "ihcrapy" as used herein refer to curative therapy, 
5 prophylactic therapy, and preventative therapy. 

The term •^ammai" as used herein refers to any mammal classified as a mammal, including 
humans, cows, horses, dogs and cats. In a preferred embodiment of the invention, the mammal is a human. 
II. Compositions and Methods of the Invention 

The present invention provides a novel cytokine related to the TNF ligand family, the 
1 0 cytokine identified herein as "Apo-2 ligand * The predicted mature amino acid sequence of human Apo-2 
ligand contains 28 1 amino acids, and has a calculated molecular weight of approximately 32.5 kDa and an 
isoelectric point of approximately 7.63. There is no apparent signal sequence at the N-terminus. although 
hydropathy analysis indicates the presence of a hydrophobic region between residues 1 3 and 40. The absence 
of 8 signal sequence end the presence of an imemal hydrophobic region suggests that Apo-2 ligand is a type 
1 5 11 transmembrane protein. A potential N-linked glycosylation site is located at residue 1 09 in the putative 
extracellular region. The putative cytoplasmic region comprises amino acid residues 1-14, the transmembrane 
region comprises amino acid residues 1 5-40 and the extracellular region comprises amino acid residues 4 1 -28 1 , 
shown in Figure I A. An Apo-2 ligand polypeptide comprising amino acid residues 1 14-281 of the extracellular 
region, shown in Figure I A, is also described in the Examples below. 

The description below relates primarily to production of Apo-2 ligand by culturing cells 
transformed or transfected with a vector containing Apo-2 ligand nucleic acid and recovering the polypeptide 
from the cell culture. It is of course, contemplated that alternative methods, which arc well known in the art, 
may be employed to prepare Apo-2 ligand. 
25 I. Isolation of PNA Kncoding Apo-2 Ligand 

The DNA encoding Apo-2 ligand may be obtained from any cDN A library prepared from 
tissue believed to possess the Apo-2 ligand mRNA and to express it at a detectable level. Accordingly, human 
Apo-2 ligand DNA can be conveniently obtained from a cDNA library prepared from human tissues, such as 
the bacteriophage library of human placental cDNA described in Example I . The Apo-2 ligand-encoding gene 
30 may also be obtained from a genomic library or by oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies to the Apo-2 ligand or 
oligonucleotides of at least about 20-80 bases) designed to identify the gene of interest or the protein encoded 
by it. Examples of oligonucleotide fnx>bes are provided in Example I . Screening the cDNA or genomic library 
with the selected probe may be conducted using standard procedures, such as described in Sambrook et al., 
35 Molecular Clonine: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989). An 
alternative means to isolate the gene encoding Apo-2 ligand is to use PCR methodology JSambrook et al.. 
Simia; Dieffenbach et al., PCR Primer A Laboratory Manual (Cold Spring Harbor Laboratory Press, 1 995)]. 

A preferred method of screening employs selected oligonucleotide sequences to screen cDN A 
libraries from various human tissues. Example 1 below describes techniques for screening a cDNA library with 
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two different oligonucleotide probes. The oligonucleotide sequences sclertcd as probes should be of sufficient 
length and sufficiently unambiguous so thai false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in the library being screened. Methods of 
labeling are well known in the art, and include the use of radiolabeis like ^^P- labeled ATP, biotinylation or 
5 enzyme labeling. 

Nucleic acid having all the protein coding sequence may be obtained by screening selected 
cDNA or genomic libraries using the deduced amino acid sequence disclosed herein, and, if necessary, using 
conventional primer extension procedures as described in Sambrook el al, sUBia, to detect precursors and 
processing intermediates of mRNA that may not have been reverse-transcribed into cDNA. 

10 Amino acid sequence variants of Apo-2 Hgand can be prepared by Introducing appropriate 

nucleotide changes into the Apo-2 ligand DNA. or by synthesis of the desired Apo-2 ligand polypeptide. Such 
variants represent insertions, substitutions, and/or deletions of residues within or at one or both of the ends of 
the intracellular region, the transmembrane region, or the extracellular region, or of the amino acid sequence 
shown for the full-length Apo-2 ligand in Figure 1 A. Any combination of insertion, substitution, and/or 

15 deletion can be made to arrive at the final construct, provided that the final construct possesses the desired 
apoptoric activity as defmed herein. In a preferred embodiment, the variants have at least about 80% sequence 
identity, more preferably, at least about 90% sequence identity, and even more preferably, at least about 95% 
sequence identity with the sequences identified herein for the intracellular, transmembrane, or extracellular 
regions of Apo-2 ligand, or the full-length sequence for Apo-2 ligand. The amino acid changes also may alter 

20 post-translational processes of the Apo-2 ligand, such as changing the number or position of glycosylation sites 
or altering the membrane anchoring characteristics. 

Variations in the Apo-2 ligand sequence as described above can be made using any of the 
techniques and guidelines for conservative and non-conservative muutions set forth in U.S. Pat. No. 5,364,934. 
These include oligonucleotidc-mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. 

25 2. Insertion of Nu cleic Acid into A Renlicable VcCtOr 

The nucleic acid {e.g., cDNA or genomic DNA) encoding native or variant Apo-2 ligand may 
be tnscned into a rtplicablc vector for further ckining (amplification of the DNA) or for expression. Various 
vectors are publicly available. The vector components generally include, but arc not limited to, one or more 
of the following: a signal sequence, an origin of replication, one or more marker genes, an enhancer clement, 

30 a promoter, and a transcription termination sequence, each of which is described below. 
(!) Signal Sequen ce Component 
The Apo-2 ligand may be produced rccombinantly not only directly, but also as a fusion 
polypeptide with a heterologous polypeptide, which may be a signal sequence or other polypeptide having a 
specific cleavage site at the N-teiminus of the mature protein or polypeptide. In general, the signal sequence 

3 5 may be a component of the vector, or it may be a part of the Apo-2 ligand DNA that is inserted into the vector. 
The heterologous signal sequence selected preferably is one that is recognized and processed (i.e., cleaved by 
a signal peptidase) by the host cell. The signal sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, Ipp, or heat-stable enicrotoxin II leaders. 
For yeast secretion the signal sequence may be, e.g., the yeast invertasc leader, alpha factor leader (including 
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Saccharomyces and Kluyveromyces a-factor tcaders, the latter described in U.S. Pat. No. 5.010,182), or acid 
phosphatase leader, the C albicans glucoamylase leader (EP 362,179 pubhshed 4 April 1990). or the signal 
described in WO 90/13646 published 1 5 November !990. In mainmalian cell expression the native Apo-2 
ligand presequence that normally directs insertion of Apo-2 ligand in the cell membrane of human cells in vivo 
5 is satisfactory, although other mammalian signal sequences may be used to direct secretion of the protein, such 
as signal sequences from secreted polypeptides of the same or related species, as well as viral secretory leaders, 
for example, the herp>es simplex glycoprotein D signal. 

The DNA for such precursor region is preferably ligated in reading frame to DNA encoding 

Apo-2 ligand. 

10 (ii) Origin of Replication Component 

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector 
to replicate in one or more selected host cells. Generally, in cloning vectors this sequence is one that enables 
the vector to replicate independently of the host chromcsoma] DNA. and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known for a variety of bacteria, yeast, and 

15 viruses. The origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 
2p plasmid origin is suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) 
are useful for cloning vectors in mammalian cells. Generally, the origin of replication component is not needed 
for mammalian expression vectors (the SV40 origin may typically be used because it contains the early 
promoter). 

20 Most expression vectors are "shuttle" veaors, i.e. , they arc capable of replication in at least 

one class of organisms but can be transfected into another organism for expression. For example, a vector is 
cloned in E. coU and then the same vector is transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily accomplished 

25 using Bacillus species as hosts, for example, by including in the vector a DNA sequence that is complementary 
to a sequence found in Bacillus genomic DNA. Transfcction of Bacillus with this vector results in homologous 
recombination with the genome and insertion of Apo-2 ligand DNA. However, the recovery of genomic DNA 
encoding Apo-2 ligand is more complex than that of an exogenously replicated vector because restriction 
enzyme digestion is required to excise the Apo-2 ligand DNA. 

30 (iii) Sclcgtion Qqpe Compqpent 

Expression and cloning vectors typically contain a selection gene, also termed a selectable 
marker. This gene encodes a protein necessary for the survival or growth of transformed host cells grown in 
a selective culture medium. Host cells not transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode proteins that (a) confer resistance to antibiotics 

35 or other toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic 
deficiencies, or (c) supply critical nutrients not available from complex media, e.g., the gene encoding D- 
alanine racemase for Bacilli. 

One example of a selection scheme utilizes a dnig to arrest growth of a host cell. Those celts 
thai are successfully transformed with a heterologous gene produce a protein conferring dmg resistance and 
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thus survive the selection regimen. Examples of such dominant selection use the drugs neomycin ISouthem 
et al.. J. Molec. AdpI. Genet. . 1 :327 (1982)1. mycophcnolic acid (Mulligan ct al.. Science . 202:1422 (1980)) 
or hygromycin [Sugden ct al., Mol. Cell. Biol. . i:4 10-4 13 (1985)]. The three examples given above employ 
bacterial genes under eukaryotic control to convey resistance to the appropriate drug G4 1 8 or neomycin 
5 (geneticin), xgpt (mycophcnolic acid), or hygromycin, respectively. 

Another example of suitable selectable markers for mammalian cells are those that enable 
the identification of cells competent to take up the Apo-2 ligand nucleic acid, such as DHFR or thymidine 
kinase. The mammalian cell transformants are placed under selection pressure that only the transform ants are 
uniquely adapted to survive by virtue of having taken up the marker. Selection pressure is imposed by culturing 

1 0 the transformants under conditions in which the concentration of selection agent in the medium is successively 
changed, thereby leading to arapliftcation of both the selection gene and the DNA that encodes Apo-2 ligand. 
Amplification is the process by which genes in greater demand for the production of a protein critical for 
growth are reiterated in tandem within the chromosomes of successive generations of recombinant cells. 
Increased quantities of Apo-2 ligand are synthesized from the amplified DNA. Other examples of amplifiable 

1 S genes include metal loth ionein- 1 and -II, adenosine deaminase, and ornithine decarboxylase. 

Cells transformed with the DHFR selection gene may first be identified by culturing all of 
the transfonnants in a culture medium that contains methotrexate (Mtx), a competitive antagonist of DHFR. 
An appropriate host cell when wild-type DHFR is employed Is the Chinese hamster ovary (CHO) cell line 
deficient in DHFR activity, prepared and propagated as described by Urlaub et al., Proc. Natl. Acad. Sci. USA . 

20 22:42 16(1 980). The transformed cells are then exposed to increased levels of methotrexate. This leads to the 
synthesis of multiple copies of the DHFR gene, and, concomitantly, multiple copies of other DNA comprising 
the expression vector?, such as the DNA encoding Apo-2 ligand. This amplification technique can be used with 
any otherwise suitable host, e.g., ATCC No. CCL6I CHO-Kl, notwithstanding the presence of endogenous 
DHFR if. for example, a mutant DHFR gene that is highly resistant to Mtx is employed (EP 1 17,060). 

25 Altcmatively, host cells (particularly wild-type hosts that contain endogenous DHFR) 

transformed or co-transformed with DNA sequences encoding Apo-2 ligand, wild-type DHFR protein, and 
another selectable marker such as aminoglycoside 3'-phosphotransferase (APH) can be selected by cell growth 
in medium containing a selection agent for the selectable marker such as an aminoglycosidic antibiotic, e.g„ 
kanaraycin, neomycin, or 04 1 8. Sec U.S. Patent No. 4,965, 1 99. 

30 A suitable selection gene for use in yeast is the trpl gene present in the yeast plasmid YRp7 

[Stinchcomb et al., Namre . 282:39 (1979); Kingsman ct al., GfillE, 1- 141 (1979); Tschcmper et al.. Gene . 
i£:l57 (1980)]. The trp\ gene provides a selection marker for a mutant strain of yeast lacking the ability to 
grow in tryptophan, for example, ATCC No. 44076 or PEP4- 1 [Jones, Genetics. 1 2 ( 1 977)]. The presence 
of the trp\ lesion in the yeast host cell genome then provides an effective environment for detecting 

35 transformation by growth in the absence of tiyptqihan. Similarly, A«H2-dcficicnt yeast strains (ATCC 20,622 
or 38,626) arc complemented by known plasm ids bearing the Leu2 gene. 

In addition, vectors derived from the 1.6 pm circular plasmid pKDI can be used for 
transformation of Kiuyveromyces yeasts [Bianchi ct al., Curr. Genet. . ^:]85 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf chymostn was reported for K. lactis [Van den 
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Berg, nm,M ? y , fi:I35 (1990)]. Stable multi-copy expression vector, for secretion of mature 
recombinant human serum albumin by industrial strains o( Kluyveromyces have also been disclosed (Fleer et 
al-. BloOr^chnolpgy. 2:968-975 (1991)]. 

(iv) Promoter Comp^nf nf 

5 Expression and cloning vectors usually contain a promoter that is recognized by the host 

organism and is operably linked to the Apo-2 ligand nucleic acid sequence. Promoters are untranslated 
sequences located upstream (5') to the start codon of a structural gene (generally within about 1 00 to 1 000 bp) 
that control (he trnnscription and translation of a particular nucleic acid sequence, such as the Apo-2 ligand 
nucleic acid sequence, to which they are operably linked. Such promoters typically fall into two classes 
10 inducible and constitutive. Inducible promoters are promoters thai initiate increased levels of transcription 
from DNA under their control in response to some change in culture conditions. e.g., the presence or absence 
of a nutrient or a change in tempcmture. At this time a large number of promoters recognized by a variety of 
potential host celts arc well known. These promoters are operably linked to Apo.2 ligand encoding DNA by 
removing the promoter from the source DNA by restriction enzyme digestion and inserting the isolated 
1 5 promoter sequence into the vector. Both the native Apo-2 ligand promoter sequence and many heterologous 
promoters may be used to direct amplification and/or expression of the Apo-2 ligand DNA. 

Promoters suitable for use with prokaryolic hosts include the P-lactamasc and lactose 
promoter systems [Chang et al., mm, 221:615 (1978); Goeddel el al, HatUIC, 241:544 (1979)]. alkaline 
phosphatase, a tryptophan (trp) promoter system [Goeddel. Nucleic Arid. R.. g:4057 (1980); EP 36,776], 
20 and hybrid promoters such as the lac promoter [deBoer el al.. Proc. Natl. Acad Sri n ;^ ^ ] -25 ( 1 953)]. 
However, other known bacterial promoters are suitable. Their nucleotide sequences have been published, 
thereby enabling a skilled worker operably to ligate them to DNA encoding Apo-2 ligand (Siebenlist el al.! 
Cell 2fi:269 (1980)] using linkers or adaptors to supply any required restriction sites. Promoters for use in 
bacterial systems also will contain a Shine-Daigamo (S.D.) sequence operably linked to the DNA encoding 
25 Apo-2 ligand. 

Promoter sequences are known for eukaryotes. Virtually al) eukaryotic genes have an AT- 
rich region located approximately 25 to 30 bases upstream from the site where transcription is initiated. 
Another sequence found 70 to 80 bases upstream from the stan of transcription of many genes is a CXCAAT 
region where X may be any nucleotide. At the 3' end of most eukaryolic genes is an A ATAAA sequence that 
may be the signal for addition of the poly A tail to the 3' end of the coding sequence. All of these sequences 
arc suitably inserted into cukaryotic expression vectors. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 
3-phosphoglycerate kinase [Hitzeman et al., L^ieLQhenL. 25^:2073 (1980)] or other glycolytic enzymes 
[Hess et al.. J . Adv . F,nmif Rfp , 2:149 (1968); Holland, BiwhgfnisUy. 12:4900 (1978)]. such as cnolasc. 
glyceraldehyde.3-phosphate dehydrogenase, hexokinase. pyruvate decarboxylase, phosphofructokinase, 
glucosc.6-phosphatc isomcrase, 3-phosphoglycerate mutase, pyruvate kinase, trioscphosphate isomerase! 
phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of 
transcription controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2. 
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isocytochrome C. acid phosphatase, dcgradativc enzymes associated with nitrogen metabolism, mctallothionein, 
glyccraIdehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilization. 
Suitable vectors and promoters for use in yeast expression are further described in EP 73,657. Yeast enhancers 
also arc advantageously used with yeast promoters. 
. 5 Apo-2 ligand transcription from vectors in mammalian host cells is controlled, for example, 

by promoters obtained from the genomes of vinises such as polyoma virus, fowlpox virus (UK 2,21 1,504 
published 5 July 1989), adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, 
cytomegalovirus, a retrovirus, hepatitis-B virus and most preferably Simian Virus 40 {SV40), from 
heterologous mammalian promoters, e.g., the actin promoter or an immunoglobulin promoter, from heat-shock 
10 promoters, and from the promoter normally associated with the Apo-2 Jigand sequence, provided such 
promoters are compatible with the host cell systems. 

The early and late promoters of the SV40 virus arc conveniently obtained as an SV40 
restriction fragment that also contains the SV40 viral origin of replication (Fiers et al.. 222: 113 (1978); 

Mulligan and Berg, Sgjenw. 209: 1422-1427 (1980); Pavlakis et aL, Proc. Natl. AraH ^q] }^^/^ 25:7398-7402 
(1981)1. The immediate early promoter of the human cytomegalovirus is conveniently obtained as a Hindlll 
E restriction fragment (Greenaway et al., Qsn&, 15:355-360 (1982)]. A system for expressing DNA in 
mammalian hosts using the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,4 19,446. A 
modification of this system is described in U.S. Patent No. 4,601.978 [See also Gray et al., iimr&, 225:503- 
508 (1982) on expressing cDNA encoding immune interferon in monkey cells; Reyes et al. Nature . 2S2:598- 
601 (1982) on expression of human P-interferon cDNA in mouse cells under the control of a thymidine kinase 
promoter from herpes simplex virus; Canaani and Berg. Prnc. Natl Ar;.ri, ^^1,!,'^/^ 22:5 166-5 1 70 ( 1 982) on 
expression of the human interferon p I gene in cultured mouse and rabbit cells; and Gorman et al., Prnc. Natl 
AcasL^cLUSA, 22:6777-6781 (1 982) on expression of bacterial CAT sequences in CV- 1 monkey kidney cells, 
chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa cells, and mouse NIH-3T3 cells using the Rous 
25 sarcoma virus long terminal repeat as a promoter]. 

(v) Enhancer Element Cnmpgngpt 
Transcription of a DNA encoding Apo-2 ligand by higher eukaryotes may be increased by 
inserting an enhancer sequence into the vector. Enhancers are cis-acting elements of DNA, usually about from 
10 to JOG bp, that act on a promoter to increase its transcription. Enhancers are relatively orientation and 
position independent, having been found 5' [Laimins et al., Proc.NatL Acad ytri , us^ 25:993 ( J 98 1 )J and 
y [Lusky et al., Mol . Ce l l Bio , 5: 1 108 (1 983)] to the transcription unit, within an iniron (Banerji et al.. CcJl, 
aa:729 (1983)], as well as within the coding sequence itself [Osborne et al.. Mol. Cell Bio . 4: 1293 (1984)). 
Many enhancer sequences are now known from mammalian genes U»obin, clastase, albumin, a-fetoprotein, 
and insulin). Typically, however, one will use an enhancer from a eukaryoUc cell virus. Examples include the 
SV40 enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirus early promoter 
enhancer, the polyoma enhancer on the late side of the leplicaUon origin, and adcnovinis enhancers. See also 
Yaniv. 222: 1 7- 1 8 (1 982) on enhancing elements for activation of eukaiyotic promoters. The enhancer 
may be spliced into the vector at a position 5' or 3' to the Apo-2 ligand-encoding sequence, but is preferably 
located at a site 5' from the promoter. 
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(vi) Transcription TermiTifltjf^Tl Compon ypf 
Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human 
or nucleated cells from other m uiticel I ular organisms) will also contain sequences necc^ for the termination 
of transcription and for stabilizing the mRNA. Such sequences are commonly available from the 5' and 
S occasionally 3'. untranslated regions of cukao'otic or viral DNAs or cDNAs. These regions contain nucleo.ide 
segments transcribed as polyadenylated fragments in the untranslated ponion of the mRNA encoding Apo-2 
ligand. 

(vii) CotlStniction and Analv^k Vi-^i^^f 
Construction of suitable vectors containing one or more of the above-listed components 
I '"^Pl^y^^^^ligationtechniques-lsolatedpIasmidsorDNAfr^^^^ 
in the fonn desired to generate the plasmids required. 

For analysis to confirm correct sequences in plasmids constmcted, the ligation mixtures can 
bcusedtotransfonn£co//K12str3in294(ATCC3l.446)andsuccessfoltransfonnants«^^^^^^ 
or tetracycline resistance where appropriate. Plasmids from the transformants are prepared, analyzed by 
restriction endonuclease digestion, and/or sequenced by the method of Messing et al.. Nucleic Acid. R.. 
2:309 (1981) or by the method of Maxam et al., Method..; in Fn>vm^|^f^, ^:499 (198O). 
(viii) Transient Kxn ressinn Verton; 
Expression vectors that provide for the transient expression in mammalian cells of DNA 
encoding Apo-2 ligandmay be employed. In general, transient expression involves the use of an expression 
vector that is able to replicate efficiently in a host cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of a desired polypeptide encoded by the expression 
vector [Sambrook et al.. supra]. Transient expression systems, comprising a suitable expression vector and 
a host cell, allow for the convenient positive identification of polypeptides encoded by cloned DNAs. as well 
as for the rapid screening of such polypeptides for desired biological or physiological properties. Thus, 
transient expression systems are particularly useful in the invention for purposes of identifying analogs and 
variants of Apo-2 ligand that arc biologically active Apo-2 ligand. 

(ix) Suitable Ryempf^rv Vflt ebrate Cell Vrrrnf ^ 
Other methods, vector, and host cells suitable for adaptation to the synthesis of Apo-2 ligand 
in recombinant vertebrate cell culture are described in Gcthing et al., lialUIt 222:620-625 <198J); Mantei et 
al. mm, 2fii:40^6 (1979); EP 1 17.060; and EP 1 17.058. A particularly useful plasmid for mammalian cell 
culture expression of Apo-2 Ugand is pRK5 [EP 307.247; also described in Example I] or pSVI6B [WO 
91/08291 published 13 June 1991]. 

3. Selection and TranjjfnrmMj pn of Hn^tr ( ;^^|^ 

Suitable host cells for cloning or expressing the DNA in the vectors herein are the prokaryote, 
yeast, or higher eukaiyote cells described above. Suitable prokaryotes for this purpose include but are not' 
limited to cubacteria, such as Gram-negative orGram-posilive organisms, for example, Enterobacteriaceae such 
as Escherichia, e.g., £ coU, Enter obacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella 
typhimwium, Serrmia, e.g., Serraiia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. 
licheniformis {e.g., B. licherti/ormis 4\? disclosed in DD 266,710 published 12 April 1989). Pseudomonas 
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such as P. aeruginosa, and Ssreptomyces. PrefciBbly, the host cell should secrete minimal amounts of 
proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast arc 
suitable cloning orexpression hosts for Apo-2 ligand-cncoding vectors. Saccharomyces cerevisiae, or common 
bakei's yeast, is the most commonly used among lower eukaryotic host microorganisms. However, a number 
of other genera, species, and strains are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated Apo-2 ligand arc derived from 
multicellular organisms. Such host cells are capable of complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture is workable, whether from vertebrate or invertebrate culture. 
Examples of invertebrate cells include plant and insect cells. Numerous baculoviraJ strains and variants and 
corresponding permissive insect host cells from hosts such as Spadopiera /hugiperda (caterpillar), ^edes 
aegypii (mosquito), Aedes albopictus (mosquito), Drosophila melanogaster (fruitfly), and Bombyx mori have 
been identified [See, e.g.. Luckow et al., Big/TcchnfflPgy i:47-55 (1988); Miller ct al.. in Genetic Fn.in..rirT ^ 
Sctlow ct al., eds., Vol. 8 (Plenum Publishing. 1986). pp. 277-279; and Maeda et al.. Usmi, lU:592-594 
(1985)]. A variety of viral strainsfor iransfection are publicly available, eg . the L- \ variant of Autographa 
califormca NPV and the Bm-5 strain of Bombyx mar/NPV. and such viruses may be used as the virus herein 
according to the present invention, particularly for transfection of Spodopiera frugiperda ("Sf9") cells, 
described in Example 2. 

Plant cell cultures of cotton, com. potato, soybean, petunia, tomato, and tobacco can be 
utilized as hosts. Typically, plant cells arc transfected by incubation with certain strains of the bacterium 
Agrobacterium tumefaciens, which has been previously manipulated to contain the Apo.2 ligand-cncoding 
DNA. During incubation of the plant cell culture with A, tumefaciens, the DNA encoding the Apo-2 ligand 
is tr^isfcrred to the plant cell host such that it is transfected. and will, under apprx^priate conditions, express 
the Apo.2 ligand-encoding DNA. In addition, regulatory and signal sequences compatible with plant cells are 
available, such as the nopaline synthase promoter and polyadenylalion signal sequences [Depicker et al., L 
Mg ]. App l. rTgn„ 1:561 (I982)J. Jn addition. DNA segments isolated from the upstream region of the T-DNA 
780 gene are capable of activating or increasing transcription levels of plant-cxpr^sible genes In recombinant 
DNA-containing plant tissue [EP 321.196 published 21 June 1989]. 

Propagation of vertebrBte cells in culture (tissue culture) is also well known in the art [See, 
c^r.. T i ssue Cultl i re . Academic Pr^. (Cnise and Patterson, editors (1973)1. Examples of useful mammalian 
host cell lines are monkey kidney CVI line transformed by SV40 (COS-?. ATCC CRL 1651); human 
embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture. Graham et al.. 
yidL 26:59 (1977)): baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cellsADHFR 
(CHO. Uriaub and Chasin. ?m . mi^,M Sri T T ^A . 22:4216 (1980)); mouse Sertoli cells (TM4. Mather 
BlfiUsCTQi. 25:243-251 (I980));monkey kidney celk(CVI ATCC CCL 70); Afr^^^^ 
cells (VER0.76, ATCC CRi.1587); human cervical carcinoma cells (HELA. ATCC CCL 2); canine kidney 
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A. ATCC CRL 1442); human lung cells (Wl 38, 
ATCC CCL 75); human liver cells (Hep G2. HB 8065); mouse mammary tumor (MMT 060562, ATCC 
CCL51); TRl cells (Mather et al., Annal? N,Y, Arfld Sri 251:44^8 (1982)); MRC 5 cells; and FS4 celts. 
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Host cells arc transfected and preferably transformed with the above-described expression 
or cloning vectors for Apo-2 ligand production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting trans form ants, or amplifying the genes encoding the desired 
sequences. 

5 Transfeciion refers to the taking up of an expression vector by a host cell whether or not any 

coding sequences are in fact expressed. Numerous methods of tm>sfection arc known to the ordinarily skilled 
^isan, for example. CaPO^ and electroporation. Successful transfection is generally recognized when any 
mdication of the operation of this vector occurs within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replicable 

10 either as an extr.ch™mosomal element or by chromosomal integrant. Depending on the host cell used' 
transformation is done using standard techniques appropriate to such cells. The calcium treamient employing 
calcium chloride, as described in Sambrook ct aL. suDES, or electroporation is generally used for prokaryotes 
or other cells that contain substantial cell-wall barriers. Infection with Agrobacieriun, lumefaciens is used for 
transformation of certain plant cells, as described by Shaw et a!.. GfiDC. 21:3 15 (1983) and WO 89/05859 

15 published 29 June 1989. 1" addition, plants may be transfected using ultrasound treatment as described in WO 
91/00358 published 10 January 1991. 

For mammalian cells without such cell walls, the calcium phosphate precipitation method 
of GrBham and van der Eb, yimte, 12:456-157 (1978) is prefen^d. General aspects of mammalian cell host 
system transformations have been described in U.S. Pat. No. 4,399.216. Tr^sfoimations into yeast are 
typically canned out according to the method of Van Solingen et al., L£a£L, 010:946 { 1 977} and Hsiao et aJ., 
E rPC-N^lUw^jnS p i , nf f^ rt\ 26:3829 (1979). However, other methods for introducing DNA into cells, such 
as by nuclear microinjection, electroporation, bactcnal protoplast fiision with intact cells, or polycations. e.^.. 
polybrene, polyomithine. may also be used. For various techniques for transforming mammalian cells, see 
MgthwlsinFnrVTnology. 155:527-537 (I990) and Mansour et al., Nature. 136:348-352 (1988). 
4- Culturin[^Thf> Host Celk 

Prokaryotic cells used to produce Apo-2 ligand may be cultured in suitable media as 
described generally in Sambrook et al., \ 
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The mammalian host cells used to produce Apo-2 ligand may be cultured in a variety of 
media. Examples of commercially available media include Ham's FIO (Sigma), Minimal Essential Medium 
CMEM". Sigma). RPMM640 (Sigma), and Dulbecco's Modified Eagle's Medium C'DMEM^ Sigma). Any 
such media may be supplemented as necessary with hormones and/or other growth factors (such as insulin. 
tiiansfcrTin. or epidermal growth factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), 
buffers (such as HEPES), nucleosides (such as adenosine and thymidine), antibiotics (such as GcntamycinTM 
drug), trace elements (defmed as inorganic compounds usually present at final concentrations in the micromolar 
range), and glucose or an equivalent energy source. Any other necessary supplements may also be included 
at appropriate concentrations that would be known to those skilled in the art The culture conditions, such as 
temperature. pH. and the like, are those previously used with the host cell selected for expression, and will be 
apparent to the ordinarily skilled artisan. 
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In general, principles, protocols, and practical techniques for maximizing the productivity 
of mammalian cell cultures can be found in Mammalian Cell Biotechnology: A Practical Approach . M. Butler, 
ed. (IRL Press, 1991). 

The host cells referred to in this disclosure encompass cells in culture as well as cells that 
are within a host animal. 

5. Ctetectine Gene Amplificatiqn/Expression 

Gene amplification and/or expression may be measured in a sample directly, for example, 
by conventional Southern blotting, Northern blotting to quantitate the transcription of mRNA [Thomas, Proc. 
Nail. Acad. Sci, VSAi 22:5201-5205 (1980)], dot blotting (DNA analysis), or mj//i/ hybridization, using an 
appropriately labeled probe, based on the sequences provided herein. Various labels may be employed, most 
commonly radioisotopes, and particularly ^^P. However, other techniques may also be employed, such as 
using biotin-modified nucleotides for introduction into a polynucleotide. The biotin then serves as the site for 
binding to avidin or antibodies, which may be labeled with a wide variety of labels, such as radionucleotides, 
fluorescers or enzymes. Alternatively, antibodies may be employed that can recognize specific duplexes, 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protcin duplexes. The 
antibodies in turn may be labeled and the assay may be carried out where ihc duplex is bound to a surface, so 
that upon the fomiation of duplex on the surface, the presence of antibody bound to the duplex can be delected. 

Gene expression, alternatively, may be measured by immunological methods, such as 
immunohistochemical staining of cells or tissue sections and assay of cell culture or body fluids, to quantitate 
directly the expression of gene product With immunohistochemical staining techniques, a cell sample is 
prepared, typically by dehydration and fixation, followed by reaction with labeled antibodies specific for the 
gene product coupled, where the labels are usually visually detectable, such as enzymatic labels, fluorescent 
labels, luminescent labels, and the like. 

Antibodies usefiil for immunohistochemical staining and/or assay of sample fluids may be 
cither monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native Apo-2 ligand polypeptide or against a synthetic peptide based on the DNA sequences 
provided herein or against exogenous sequence fused to Apo-2 ligand DNA and encoding a specific antibody 
epitope. 

6. Purification of Ado-2 Lieand Polypeptide 

Apo-2 ligand preferably is recovered from the culture medium as a secreted polypeptide, 
although it also may be recovered from host cell lysates when directly produced without a secretory signal. If 
the Apo-2 ligand is membrane-bound, it can be released from the membrane using a suitable detergent solution 
(e.g. Triton-X 100) or its extracellular region may be released by enzymatic cleavage. 

When Apo-2 Hgand is produced in a recombinant cell other than one of human origin, the 
Apo-2 ligand is free of proteins or polypeptides of human origin. However, it is usually necessary to purify 
Apo-2 ligand from recombinant cell proteins or polypeptides to obtain preparations that arc substantially 
homogeneous as to Apo-2 ligand. As a first step, the culnire medium or lysatc may be ccntrifiiged to remove 
particulate cell debris. Apo-2 ligand thcrcafler is purified from contaminant soluble proteins and polypeptides, 
with the following procedures being exemplary of suitable purification procedures: by fractionation on an ion- 
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exchange column; .thanol p«cipi.a>ion; reverse phase HPLC; chromatOEraphy on silica or on a ca.ion- 
exchange resir such as DEAE; chromatofocusing; SDS-PAGE; amn,o„iun, sulfate precipitation; jcl filtration 
us,„g, for exatnple. Sephadex 0-75; and protein A Sepharose colons to ,e„,ove con.,n,inants such as IgG. 

In a prefemd embodiment, the Apo-2 ligand can be isolated by affinity chromatography as 
5 described in Example 3. 

Apo-2 ligand variants in which residues have been deleted, inserted, or substituted are 
^covered m .he same fashion as native Apo.2 ligand. taking accou„, of any substantial changes in properties 
occas,„ned by the variation. For example, ptepa^tion of an Ap^2 ligand fusion with another protein or 
polypepud^ e.,.. a bacteria, or viral antigen, faciliutes puriHcation; an immunoafTmity column containing 
) anttbody to the antigen can be used to adsorb .he fusion polypeptide. In a preferred embodiment an 
extracellular sequence of Apo-2 ligand is fused to a His.o peptide and purified by Ni^^eh.late affinity 
chromatography. 

A pratease inhibitor such as phenyl meAyl sulfonyl fluoride (PMSF) also may be useful to 
.nh.b„ proteolytic degradation during purification, and an.ibio.ics may be included ,o prevent .he of 

adven,.t,ous«ont«ninan.s. One skilled in d.e an wniappr.eia,etf„t purification meAods suitable for native 
Apo.2 hgand may require modiftcadon u. account for ch»,ges in Ae character of Apo-2 ligand or its variants 
upon expression in recombinant cell culnire. 

Cgvaieni Mortificatinn^ nf Ap,v2 r .io,«,^ P^iypf pt^n 

Covalentmodifieations of Apo-2 ligand are included within the scope of this invention Both 
nattve Apo-2 ligand and amino acid sequence variants of the Apo-2 ligand may be covalently modified. One 
type of covalem modification of fte Apo.2 ligand is introduced into the molecule by reacting targeted amino 
actd restdues of the Ap<K2 ligand with an organic derivatizing agent that is capable of reacting with selected 
side chams or the N- or C-.errainal residues of tiie Apo.2 ligand. 

Derivatiation with bifunclional agents is useful for cross linking Apo-2 ligand to a water- 
".soluble support tnatrix or surface for use in U,e method for purifying anti.Apo.2 ligand antibodies, and vice. 

versa Commonly used crosslinking agents include. e.g..I,|-bis(diajoace.yl>2-phenylethane.glutaraldehyde 
N-hydroxysuccinimide esters, for example, este,. wHh 4-azidosalicylic acid, homobi functional itnidoesters 
mcludmg disuccinimidyl esters such as 3.3'-dithiobis(succinimidyIpropiona.e). and bifunctional maleimides 
such as b,s-N.mal.imido.1 .8.oc.ane. Derivatizing agents such as n.eti,yl-3-l(p.azidophenyl)di.hio]propioimi. 
date yield photoactivatable intermediates Aat are capable of fomting ct^slinks in the presence of light 
Alternatively, reactive water.insoluble matrices such as cyanogen bromide-ac.iva.ed carbohydrates and the 
reaanre substrates described in U.S. Patent Nos. 3,969J87; 3.691.016; 4,195.128; 4,247.642; 4.229.537; and 
4.330.440 are employed for protein immobilization. 

Other modifications include deamidation of glutaminyl and asparaginyl residues to .he 
cotresponding gluumyl and aspanyl residues, respectively, hydroxylation of proline and lysine 
phosphor of hydroxyl groupsof s«yl or ftreonyl residue^ me.hyIa.ion of the a-ami„o groups of lysine 
argmtne, and histidine side chains IT.E. Creighton, Proteins: Sm.cn.,. and Mol^,.i., p^^, ., 
Freeman & Co.. San Francisco, pp. 79-86 (1983)]. ace.yIa.ion of Ae N-tt>nninal amine, and amidation of any 
C-tenninal cartoxyl group. The modified fonns of the residues fall within Ae scope of the present inven.ion 
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Another type of covalcnt modification of the Apo-2 llgand poljrpeptide included within the 
scope of this invention comprises altering the native glycosylation pattern of the polypeptide. "Altering the 
native glycosylation pattern" is intended for purposes herein to mean deleting one or more carbohydrate 
moieties found in native Apo-2 ligand, and^or adding one or more glycosylation sites that are not present in the 
I native Apo-2 ligand. 

Glycosylation of polypeptides is typically cither N-linked or 0-linked. N-linked refers to 
the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptidc sequences 
asparagine-X-serine and asparagine-X-thrconine, where X is any amino acid except proline, are the recognition 
sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, (he 
presence of eidicr of these tripeptidc sequences in a polypeptide creates a potential glycosylation site. 0-linked 
glycosylation refers to the attachment of one of the sugars N-accylgalactosamine, galactose, or xylose to a 
hydroxylamino acid, most commonly serine or threonine, although S-hydroxyproline or 5-hydroxylysine may 
also be used. 

Addition of glycosylation sites to the Apo-2 ligand polypeptide may be accomplished by 
altering the amino acid sequence such that it contains one or more of the above-described tripeptidc sequences 
(for N-linkcd glycosylation sites). Tlie alteration may also be made by the addhion of. or substitution by, one 
or more serine or threonine residues to the native Apo-2 ligand sequence (for O-Iinked glycosylation sites). 
The Apo-2 ligand amino acid sequence may optionally be altered through changes at the DNA level, 
particularly by mutating the DNA encoding the Apo-2 ligand polypeptide at preselected bases such that codons 
are generated that will translate into the desired amino acids. The DNA mutation(s) may be made using 
methods described above and in U.S. Pat. No. 5,364.934, supra . 

Another means of increasing the number of carbohydrate moieties on the Apo-2 ligand 
polypeptide is by chemical or enzymatic coupling of glycosides to the polypeptide. Depending on the coupling 
mode used, the sugar<s) may be attached to (a) argininc and histidinc, (b) free carboxyl groups, (c) free 
sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups such as those of serine, threonine, or 
hydroxyproline. (e) aiomaiic residues such as those of phenylalanine, tyrosine, or tryptophan, or (0 the amide 
group of glutamine. These methodsare described in WO 87/05330 published 1 1 September 1 987, and in Aplin 
and Wriston.CRCCrit Rrv Rinrh^m pp. 259-306 (1981). 

Removal of carbohydrate moieties present on the Apo-2 ligand polypeptide may be 
accomplished chemically or cnzymatically. For instance, chemical deglycosylation by exposing the 
polypeptide to the compound trifluoromethanesulfonic acid, or an equivalent compound can result in the 
cleavage of most or all sugars except the linking sugar (N-acetylglucosamine or N-acetylgalactosamine), while 
leaving the polypeptide intact Chemical deglycosylation is described by Hakimuddin. et al., Arch. Biochem. 
fiifilte. 252:52 (1987) and by Edge et al.. Anal. PiQchem.. 115:131 (198J). Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of a variety of endo- and exo-glycosidascs 
as described by Thotakura et al., Melh. Enzvmnl,. lifi:350 (1987). 

Glycosylation at potential glycosylation sHcs may be prevented by the use of the compound 
tunicamycin as described by Duskin et al., J. Biol. Chcm.. 252:3 105 (1982). Tunicamycin blocks the formation 
of protein-N-glycoside linkages. 
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Another type of covalent modifiation of Apo.2 ligand comprises linking .he Apo-Z ligand 
pol wdeu, one of a variety ornonproteinaceous ^ly„,e,,. eg.. po.yeU,ylene glycol, polypropylene glycol 
orpolyoxyalkylenes. inlhenuinncrset forth, for instance, in U.S. Patem Nos. 4.640,835; 4.496 689 4 301 144- 
4,670.4 1 7; 4.79 1 . 1 92 or 4, 1 79,337 . 

^' EpilOBe-lafft'i Ann-7 l.jyanil 

The present invention also provides <*in.eric polypeptides comprising Apo.2 ligand fused 
.0 another, heterologous polypq„ide. 1„ one entbodiment, the chimeric polypeptide comprises a fusion of the 
Apo.2 ligand with atag polypeptide which provides an epitope to which an an.i-tag ^.tibody can selectively 
btnd. n,e epttope tag is generally placed at the amino- or carboxyl- terminus of the Apo-2 ligand The 
pres«.ce of such epitope-tagged forms of me Apo-2 ligand can be detected using an anUbody against the ta- 
polypepfdc. Also, pn,vision of the epitope tag enables tf,e Ap<^2 ligand to b. readily purified by otIinitC 
punHcation using «, «,.i-tag «,tibody or another type of affinity matrix that binds to the epitope tag. 

Various tag polypeptides and their respective antibodies are well known in th« an Examples 
™lude the flu HA tag polypeptide and its uuibody 12CA5 [Field e. al., Mol. r..! RIM 5:2159-2 165 (,988)). 

|hec.myctag.nd.hc8F9.3C7.6E10.G4.B7.nd9E.Oan.ibodies.he.etofEvane,a... Mcle..l,...Hr- : 

fiUte, 5:36.0-3616 (1985)J; and the Hen»s Simple, virus glycoprotein D (gD) tag and its antibody 
roabocky e. al.. Prolrin F lrinr r ring . 2(6):547-553 (1990)). Other tag polypeptides include the Flag-peptide 
[Hoppet al..fiialKhMte 6:1204-1210(1988)1; the KT3 epitope peptide (Manin et al.. 5aslI£S.255 192- 
194 (1992)): m .-tubulin epitope peptide [Skinner et al.. i.Bi2L£h£m.. 24fi:15l63-I5166 (1991))- and the 
T7 gene 10 p„,ein peptide tag (Lutz-Freyen«uth e. al., Proc. A.,. pfj^ 42:6393-6397 (1990)] 

Once the tag polypeptidehas been selected, an antibodymeretocan be generated usingthe techniques disclosed 

herein. 

Generally, epitope-tagged Apo-2 ligand may be constructed and produced according to the 
methods described above for native and variant Apc.2 ligand. Ap<.2 ligand-tag polypeptide fusions are 
preferably constructed by fusing «,e cDNA sequence encoding the Apo.2 ligand portion in-frame to the tag 
polypeptide DNA sequence and expressing the resultant DNA fusion constmct in appropriate host cells 
Ord«ar,ly, when preparing the Ap^2 ligand.tag polypeptide chimera of the present invention, nucleic acid 
encoding the Apo-2 ligand will be fused at its 3' end to nucleic acid encoding the N-tenninus of the tag 
polypepttde. however S' fusions ^ also possible. Examples of epitope.tagged Apo-2 ligand are described in 
further detail in Example 2 below. 

Epitope-tagged Apo-2 Ugand can be purified by affinity chromatography using the anti-tag 
antibody. He matrfa. to which the afTmity antibody is attached may include, for instance, agarose, controlled 
pore glass or poly(styrenedivinyI)ben»ne). He epitope-utgged Apo-2 ligand can then be eluted from the 
a/finily column using techniques known in the art. 

Thcraneulic \ Ises for Apn.? \ 

Apo-2 Bgand, as disclosed in the presem specification, can be employed therapeutically to 
tnduce apoptosi, in manmuiliB, cells. Generally, the methods for inducing apoptosis in mammalian cells 
comptBc exposing the cells to «, effective amount of Apo.2 ligand. n,is can be accomplished m vivo or « 
v,vo m accordance, for instance, with the methods described below and in the E,«nples. It is contemplated 
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that the methods for inducing apoptosis can be employed in therapies for particular pathological conditions 
which arc charaaerized by decreased levels of apoptosis. Examples of such pathological conditions include 
autoimmune disorders like lupus and immune-mediated glomerular nephritis, and cancer. Therapeutic 
application of Apo-2 ligand for the treatment of cancer is described in detail below. 
5 In the methods for treating cancer, Apo-2 ligand is administered to a mammal diagnosed as 

having cancer. It is of course contemplated that the Apo-2 ligand can be employed in combination with still 
other therapeutic compositions and techniques, including other apoptosis-inducing agents, chemotherapy, 
radiation therapy, and surgery. 

The Apo-2 ligand is preferably administered to the mammal in a phannaceutically-acceptable 
10 carrier. Suitable carriers and their formulations are described in Remincnnn'. Ph.nn^.^i,„v„, c^.p^„,, 

ed.. 1980, Mack Publishing Co. edited by Oslo et al. Typically, an appropriate amount of a pharmaceutical ly- 
acceptable salt is used in the formulation to render the fonnulation isotonic. Examples of the pharmaceutical I y- 
acceptable carrier include saline. Ringei^s solution and dextrose solution. TTie pH of the solution is preferably 
ftom about 5 to about 8, and more preferably from about 7.4 to about 7.8. It will be apparent to those persons 
15 skilled in the art lhal certain canriers may be more preferable depending upon, for instance, the route of 
administration and concentration of Apo-2 ligand being administered. 

The Apo-2 ligand can be administered to the mammal by injection (e.g., intravenous, 
intraperitoneal, subcutaneous, intramuscular), or by other methods such as Infusion that ensure its delivery to 
the bloodstream in an effective form. It is also contemplated that the Apo-2 ligand can be administered by in 
20 vivo or ex vivo gene therapy. 

Effective dosages and schedules for administering Apo-2 ligand may be detennined 
empirically, and making such determinations is within the skill in the art. It is presently believed that an 
effective dosage or amount of Apo-2 ligand used alone may range from about 1 pg/kg to about 1 00 mg/kg of 
body weight or more per day. Interspecies scaling of dosages can be perfonned in a manner known in the art, 
UL, as disclosed in Mordcnti ct al., fhamiacwt. RgS„ fi:135I (1991). TTiose skilled in the art will understand 
that the dosage of Apo-2 ligand that must be administered will vary depending on, for example, the mammal 
which will receive the Apo-2 ligand. the route of administration, and other drugs or therapies being 
administered to the mammal. 

The one or more other therapies administered to the mammal may include but ait not limited 
to. chemotherapy and/or radiation therapy, immunoadjuvants, cytokines, and antibody-based therapies. 
Examples include interleukins (e.g.. IL-l. IL-2. lL-3, IL-6), leukemia inhibitory factor, interferons. TGF-bcta, 
erythropoietin, thrombopoietin. anti-VEGF antibody and HER-2 antibody. Other agents known to induce 
apoptosis in mammalian cells may also be employed, and such agents include TNF-a. TNF-P (lymphotoxin- 
a), CD30 ligand, 4- IBB ligand, and Apo-I ligand. 

Chemotherapies contemplated by die invention include chemical substances or drugs which 
arc known in the art and are commercially available, such as Doxorubicin. 5-Fluorouracil ("S-FU"). ctoposide. 
camptothecin. Uucovorin. Cytosine arabinoside ("Ara-C"), Cyclophosphamide, TTiiotepa. Busulfan, Cytoxin. 
Taxol. Methotrexate. Cisplatin. Mclphalan, Vinblastine and Carboplatin. Preparation and dosing schedules 
for such chemotherapy may be used according to manufacturers' instructions or as detennined empirically by 



25 



30 



21- 



20 



25 



30 



35 



WO 97/25428 

PCTAJS97/00272 

.he 3k.> cd p„ai«„«,. p„p3„,i„„ ,„i„^ ^^^^ ^^^^ ^^^^ 

Chemoeherapy Smi« Ed.. M.C. Peny. Williams & Wilkins. Bal,imo«. MD (1992). 

TKe cher,oth«py is preferably adminisK^d i. a pham.acutieally-accep.able canier such 
«e.csedescHbedalK>vcforAp.2,ig,„d. Thcnodeof .dminis.a.ia„of.heche.o«,e™py be U,c sa.c 
5 -«^"*'Ap..,i^dori..aybead™i„^..,..,„.,.,,,,„^^^ 

.h.Ap<>.2l,ga.d may be injected While *echemo,herapy.ad.i„is,e«d orally ,o,he™an,.a,.M 
ad...,er,„gchemoU,erapyi„con.bi„a,io„wi*Apo.21iga„darede«^^ 

3 e™, H K ''^'■"'"''"'''"''''""""''•"*'~-°"''"S.opro.occlscon,m„^ 
5 -Poyed.„U,„„^^^^,,^^^,„^^_.^_^ Such,herapymayi„c.udecesi„..iridi™,iod.e 1 
c^a..™,.a,.o„. T,e..dia.io„*^py™,,^.,„,.^^,^,„^„ 

^.cornssue .nor on ^cb<.y.Typica..y.™,ia.io„.he™pyUad.i„is.eredi„ pulses overaperiodoL 
fro. aboc. . „ abou. 2 weeks, ^e .dia.io„ *e.py „ay, however, be administered over longer periods of 
nme.Op.,o„ally.d.e«di..icn.he™py.,ybe«imi„is,e.«,.,,i„,,,,„.„„„„^^^^^^^ 

The Apo-2 ligand and one or more other therapies may be administered to the mammal 
~,m.„^rse«^^^ 

■he sidled praaitioner. For instance, himor mass may be observed physically, by biopsy or by standard x-ray 

unaging techniques, 

II is contemplated U.a. Apo.2 ligand can be employed to treat cancer cells ex Such er 
V.VO ,re.m,en, may be t«eful in bone maaow transplantation and particularly, autologous bone m..ow 
.ransplantation. For instance, ,ream,en. of celb or Ussue(s) containing cancer cells with Apo-2 ligand and 
op..on,.,y, With one or more o«,er ,hen^,ies. such as described above, can be employed to induce apopiosis 
a.d substantially deplete the cancer cells prior to transplanmion in a recipient mammal. 

Cellsor,issue(s)containingcancercells«efirs.ob.aincdfromadonormammal. -niecells 
or t.ssue(s) may be obuined sutgically and prefen*ly. are obh,ined aseptically. In the method of treating bone 
mar^w for transpUnution. bone marrow is obtained from the mamma, by needle aspiration. The cells or 
..ssue(s) containing cancer cells are dten treated with Apo-Z ligand. and optionally, with one or more other 
O-craptes. such as described above. Bone manow i, preferably fractionated to obtain a mononuclear cell 
fraction (such as by centrifugation over ficoll-hypaque gradient) prior ,o treatment with Apo.2 ligand. 

TTie treated cells or tissue(s) can then be infitsed or transplanted into . recipiem mammal 
".e rec.p,ent mammal may be the same individual as the donor mammal or may be another, heterologous 
mammal. For an autotogous bone manow transplant, the mammal is treated prior to the transplant with an 
eff^ettvedoseofr^iationorchemotherapyasknown in theartanddescrtl^d for example in Aute^ 

Marrow Tran^nlnnmion- Protef(iinfs<,f,hrn.irrt ^n,^..:^,^ d,.,,. 

Texas M.D. Anderson Hospital and Tumor Institute (1987). 



-22- 



20 



25 



30 



35 



WO 97/25428 „ 

PCT/US97/00272 

C. Non-Thcraneutic Uses fnr Liyand 

The Apo.2 ligand of the invention also has utility in non-therapeutic applications. Nucleic 
acid sequences encoding the Apo-2 ligand may be used as a diagnostic for tissue-specific typing. For example, 
procedures like in situ hybridization. Northern and Southern blotting, and PGR analysis may be used to 
> determine whether DNA and/or RNA encoding Apo-2 ligand is present in the cell typeCs) being evaluated. 
Apo-2 ligand nucleic acid will also be useful for the preparation of Apo-2 polypeptide by the recombinant 
techniques described herein. 

Hie isolated Apo-2 ligand may be used in quantitative diagnostic assays as a control against 
which samples containing unknown quantities of Apo-2 ligand may be prepared. Apo-2 ligand preparations 
are also useful in genemiing antibodies, as standards in assays for Apo-2 ligand (..g., by labeling Apo-2 ligand 
for use as a standard in a radioimmunoassay, radioreceptor assay, or enzyme-linked immunoassay), in affinity 
purification techniques for example, in identifying or in isolating a receptor that binds Apo.2 ligand, and in 
competitive-type receptor binding assays when labeled with, for instance, radioiodine. enzymes, or 
fluorophores. 

Nucleic acids which encode Apo.2 ligand can also be used to generate either transgenic 
animals or ''knock out" animals which, in turn, are useful in the development and screening of therapeutically 
useful reagents. A transgenic animal (e.g., a mouse or rat) is an animal having cells that contain a transgcnc. 
which transgene was introduced into the animal or an ancestor of the animal at a prenatal, e.g.. an embryonic' 
stage. A transgene is a DNA which is integrated into the genome of a cell from which a transgenic animal 
develops. In one embodiment, cDNA encoding Apo-2 ligand or an appropriate sequence thereof can be used 
to clone genomic DNA encoding Apo-2 ligand in accordance with established techniques and the genomic 
sequences used to generate transgenic animals that contain cells which express DNA encoding Apo-2 ligand. 
Methods for generating transgenic animals, particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in U.S. Patent Nos. 4.736.866 and 4.870,009. Typically, particular 
cells would be targeted for Apo-2 ligand transgene incorporation with tissue-specif.c enhancers. Transgenic 
animals that include a copy of a trmisgenc encoding Apo-2 ligand introduced into the germ line of the animal 
at an embryonic stage can be used to examine the effect of increased expression of DNA encoding Apo-2 
ligand. 

Alternatively, non-human homologucs of Apo-2 ligand can be used to construct a Apo-2 
iigand "knock out" animal which has a defective or altered gene encoding Apo-2 ligand as a result of 
homologous recombination between the endogenous gene encoding Apo-2 ligand and altered genomic DNA 
encoding Apo-2 ligand introduced into an erabiyonic cell of the animal. For example. cDNA encoding Apo^2 
ligand can be used to clone genomic DNA encoding Apo-2 ligand in accordance with established techniques. 
A portion of the genomic DNA encoding Apo-2 ligand can be deleted or replaced with another gene, such as 
a gene encoding a selectable marker which can be used to monitor integrnlion. Typically, several kilobases 
of unaltered flanking DNA (both at the 5" and 3' ends) are inchided in the vector |see e.g., Thomas and 
Capecchi, Cell, ii:503 (1987) for a description of homologous recombination vectors]. TTie vector is 
introduced into an embiyooic stem cell line (e.g., by eledroporation) and cells in which the introduced DNA 
has homotogously recombincd whh the endogenous DNA are selected [see e.g., Li et al..i:^. fi2:9l 5 (1992)]. 
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nc «.cc.ed cells are ,h«, injected into 3 bla..«y« of ,„ a„™„ (e.g.. , „„„„ or ™, ,o fo™ aggregation 
chimeras (set e,g., Bradley, in re™,«^momo, o«J £„*o«„/, Ceto: ^ ^ ^ 

Robertson, cd. (IRt. Oxford. 1987). pp. 1 13-152]. A chimeric entbryo can d,en be implanted into a suitable 
P«udopregnan. female footer animal and the embryo brought to tern, to c«ate a "knock out" animal Progeny 
5 harbonng the homologously recombined DNA in their germ cells can be identified by standard technique and 
used to bre«l animals in which all cells of the animal conuin the homologously recombined DNA Knockout 
anunals can be chan>Cerized for instance, for their ability to defend against certain pathological conditions and 
for the,r development of pathological conditions due to absence of the Ap<^2 ligand polypeptide. 
° Anli-Anp-7 T.ipand Amiho^y FrfpanitifT 

P^''"' '''™"™ f^n*" P™^'"" "ili-Apo-2 antibodies. Antibodies against Apo-2 
hgand may be prepared as follows. Exempla-y antibodies include polyclonal, monoclonal, humanized, 
bispecific. and heieroconjugate antibodies. 

I' Polvclnnar AnHhndif, 

■nie Apo-2 ligand antibodies may comprise polyclonal antibodies. Methods of prrparing 
polyclonal antibodies a,* known .o flte skilled anisan. Polyclonal antibodies can be raised in a mammal for 
example, by one or more injections of an immunizing agent and, if desired, an adjuvant. Typically the 
unmunizing agem «,d/or adjuvant will be injected in the mammal by mulUple subcutaneous or int«peritoneal 
mjecuons. The immunizing agent may include the Apo.2 ligand polypeptide or a fusion protein thereof Itmay 
be useful to conjugate the immunizing agent to a protein known to be immunogenic in the mammal being 
-mmunized. Examples of such immunogenic proteins which may be employed include but «e not limited to 
keyhole Imtpe. hemocyanin. serum albumin, bovine thyroglobulin. and soybean trypsin inhibitor. An 
aggregating agent such as alum may also be employed lo enhance the mammal's immune response. Examples 
of adjuvants which may be employed include Freund's complete adjuvant and MPL-TOM adjuvant 

(monophosphotyl Lipid A.syntheUc trehalose dico,ynomycolate).n,e immunization protocol may be selected 
by one skilled in Ihe ait without undue experimentation. The mammal can then be bled, and the serum assayed 
for antibody titer. If desired, the mammal can be boosted until d,e antibody titer increases or plateaus. 
2' Monoclonal Antil^i>, 

The Apo-2 ligand antibodies may, ahcmaiivcly. be monoclonal antibodies. Monoclonal 
antibodies may be preparrt using hybridoma methods, such as those described by Kohler and Milstein. iiaaus. 
2Jfi:493 (1975). In a hybridoma r^ethod. a mouse, hamster, or other appropriate host animal, is typically 
immunized (such as described above) with an bnmunizing agent lo elicit lymphocytes that produce or are 
capable of producing ant.-bodies that will specifically bind to the immunizing agent. Allemalively. the 
lymphocytes may be immunized in vitro. 

The immunizing agent will typically inchide the Apo.2 ligand polypeptide or a fusion protein 
thereof. CelU expressing Apo.2 ligand at their surface may also be employed. G.net,lly, either peripheral 
blood lymphocyte, (-PBl^-) .„ used if celU of human origin are desired, or spleen cells or lymph node cells 
are used if non-human mammalian soun« are desired. TTm lymphocytes aie then fused with an immortalized 
cell line using a suitable fiising agent, such as polyethylene glycol, to form a hybridoma cell [Coding 
Monot l ftna l Antl-Mir;; Prinripln ami Pnirtir f. Academic Press, (1986) pp. 59-103]. Immonalized cell lines 
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are usually transformed mammalian cells, particularly myeloma celts of rodent, bovine and human origin. 
Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells may be cultured in a suitable 
culture medium that preferably contains one or more substances that inhibit the growth or survival of the 
unfused, immortalized ceils. For example, if the parental cells lack the enzyme hypoxanthlne guanine 
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will include 
hypoxanthine, aminoptcrin. and thymidine {"HAT medium"), which substances prevent the growth of HGPRT- 
deficient cells. 

Prcfeired immortalized cell lines are those that fuse cfiiciently, suppon stable high level 
expression of antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT 
medium. More preferred immortalized cell lines are murine myeloma lines, which can be obtained, for 
instance, from the Salk Institute Cell Distribution Center, San Diego, California and the American Type Culture 
Collection. Rockville, Maryland. Human myeloma and mouse-human hetcromycloma cell lines also have been 
described for the production of human monoclonal antibodies [Kozbor, J. Immunol. . iia:300I (1984); Brodeur 
et al., Mpno^^ion^l Antibody Production Technioues and Annlicatinn^ Marcel Dekker, Inc.. New York, ( 1 987) 
15 pp. 5 1 -63 J. 

The culture medium in which the hybridoma cells are cultured can then be assayed for the 
presence of monoclonal antibodies directed against Apo-2 ligand. Preferably, the binding specificity of 
monoclonal antibod les produced by the hybridoma cells is determined by immunoprecipitaiion or by an in vitro 
binding assay, such as radioimmunoassay (RIA), fluorescein activated cell sorting (FACS) or cnzymc-linked 
20 immunoabsorbcnt assay (ELISA). Such techniques and assays are known in the art, and are described ftinhcr 
in the Examples below. The binding afTmity of the monoclonal antibody can, for example, be determined by 
the Scatchard analysis of Munson and Rodbard, Anal. Riochem. . 107:220 f 1980V 

After the desired hybridoma cells are identified, the clones may be subcloned by limiting 
dilution pixwedures and grown by standard methods [Coding, sumi Suitable culture media for this purpose 
25 include, for example, Dulbccco's Modified Eagle's Medium and RPMI-I640 medium. Alternatively, the 
hybridoma cells may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the 
culture medium or ascites fluid by conventional immunoglobulin purification procedures such as, for example, 
protein A-Sepharose, hydroxylapatitc chromatography, gel electrophoresis, dialysis, or affinity 
30 chromatography. 

In one embodiment of the invention, the monoclonal antibodies may include the 1 Dl , 2G6, 
2EI 1, or 5C2 antibodies described herein and in the Examples below. The monoclonal antibodies may also 
include antibodies having the same biological characteristics as the IDl, 2G6, 2EI 1, or 5C2 monoclonal 
antibodies secreted by the hybridoma cell lines deposited under American Type Culture Collection Accession 

Nos. ATCC , , , or , respectively. The term "biological characteristics" is used 

to refer to the in vtiro and/or w vivo activities of the monoclonal antibody, e.g., ability to substantially reduce 
or inhibit Apo-2 ligand-induccd apoptosis or substantially reduce or block binding of Apo-2 ligand to its 
receptor. The antibody preferably binds to the same epitope as. or to substantially the same epitope as. the 
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D..2G6 2E> ^o.3C2m«,,,„^ Herein. ™s can bedc,.™i„cd by eo„duc.„g.^^^^ 
Herein and in the Examples. 

de«r.bed .„ U.S. P..„. No. ..S.,5«7. ONA encod.g ..e ™o„oc,o„a. a„«bodle, of .he inven.ion can be 

Tl '^"'""^ """'""^ ^ • "''"^ P""-" are 

c^ab,e Of b.d.g ^ecificany ,o genes encoding the heavy and Ugh, chains of murine .ntibodies, The 

hybr-don-acensof Reinvention serve .saprefe.edscu.eof such DNA. Once isolated, .he DNA may be 
placed into expression veCors. which a., ,he„ Wected in.o hos. ce.is such as simian COS cells Chinese 

^---ao,(CHO)c.ns.crmye.c™ace,,s.ha,do„o>othenviseproducei.m 
.0 onalan.ibodiesin.erecon,bin.n.hos.ce„s.^eD 

^ample bysubstuuting the codmg sequence for human heavy and light chain co..an.dom,^^^ 
*e omo,ogous,^„ri,«s«,ue„ces(U.S.P 

.o he .mmonoglobuhn coding s.<,uenee a„ or part of the coding sequence for a non-immunogLin 
.5 f\ ° os'obulin polypeptide can be substin..ed for the constant domains of an 

an.^yof*emven,.„„.orcanbesubs.i.utedforthevariab.edoma,„sofonea„,igen.omb^^ 
antibody of the invention to create a chimeric bivalent an.ibody. 

■^'™''»<''«"'y'«"'<>«»™l«ntantibodies.Me.hodsforp,eparingmonovalen.an,ibodi^ 
«wellkn„wnm.he.n.Forcx»nple.o„emethodinvolvesr.combinant expression Of immu 
chautan modifiedheavychain. The heavy chain is .n,nca.ed gene^lly a. any point in U,e Fc region so as ,o 

preven.h«vych.incross.inking.Ai.en«tively,d,ere,evantcysteine,^iduesaresubsti,.,edwi,h 
ammo acid residue or are deleted so as to prevent erosslinking, 

vifro methods are also suitable for preparing monovalent antibodies. Digestion of 
anybodies u, produce fragments thereof, panicularly, Fab fragments, can be accomplished using routine 
..chnt,u.s known in the a«. For instance, digestion can be perfonned using papain. Examples of papain 
25 digesfon descnW ■„ WO 94/29348 published XVXm and U.S. Paten. No. 4.342.566. Papain digestion 
of antibodies .ypically produces ^vo identical amigen bimling fragments, called Fab fragments, each with a 

smgleanhgenbindi„gsi,e.anda«sidualFc fragment Pepsin treatment yields an F(ab->^ 
two antigen combining sites and is still capable of cross-linking antigen. 

■^"■'•'''^S^^'^P"''""'' in ''••'ntibodydiges.ion also contain UK constant domains of 
..ght chain and the firs, constant domain (CH,) of Uie heavy chain. Pab' ftagments differ fVom Fab 

Stents by the addition ofafewresidues,tthecaHx,xy,enninusoftheheavy chain CH.domaui include 
on. or mo« cysteines from the antibody hinge region. F.b'-SH is the designation he™„ for Fab' in which the 

c,«einc,esidue(s)ofthecons.antdomai„s bearahethiol group. F(,b^ antibody ftagmentsorigin^^ 

produced^pairsofFab^rragmemswhichhavehingecysteinesbetweenthem. Other chemical couplings of 
35 antibody fragments are also known. 

3. Humani7efl Antj[f)^jp, 

nie Ap<^2 ligand antibodies of the invention may further comprise humaniad antibodies 

orhumanandhodies.H«ma„izedfonnsofno„.human<e.g..murine),ndbodiesarechimeric,mmunoglobulins 
■mmunoglobulin chains or fragments thereof (such as Fv. Fab. Fab'. F(ab',, or other antigen-binding 
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subsequences of antibodies) which contain minimal sequence derived from non-human immunoglobulin. 
Humanized antibodies include human immunoglobulins (recipient antibody) in which residues from a 
complementarity detcnnintng region (CDR) of the recipient are replaced by residues from a CDR of a non- 
human species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and 

5 capacity. In some instances, Fv framework residues of the human immunoglobulin are replaced by 
corresponding non-human residues. Humanized antibodies may also comprise residues which arc found neither 
in the recipient antibody nor in the imported CDR or framework sequences. In general, the humanized 
antibody will comprise substantially all of at least one. and typically two. variable domains, in which all or 
substantially all of the CDR regions coiTcspond to those of a non-human immunoglobulin and all or 

10 substantially all of the FR regions are those of a human immunoglobulin consensus sequence. The humanized 
antibody optimally also will comprise at least a portion of an immunoglobulin constant region (Fc), typically 
that of a human immunoglobulin [Jones ct al.. Nature . 221:522-525 (1986); Rcichmann et al., fclaturc, 232:323- 
329 (1988); and Presta. r..rr Op Struct. Biol. . 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies arc well known in the art. Generally, a 

1 5 humanized antibody has one or more amino acid residues introduced into it from a source which is no»i-human. 
Tlicse non-human amino acid residues are often referred to as "import" residues, which are typically taken from 
an "import" variable domain. Humanization can be essentially performed following the method of Winter and 
co-workers [Jones et al.. NamiC. 321:522-525 (1986); Ricchmann et al., mm, 332:323-327 (1988); 
Vcrhoeyen ct a!.. SfiiclKfi, 232:1534-1536 (1988)] and the method of Queen ct al, ProC . Natl, Atad . Set .. 

20 26:10029-10033 (1989) using computer modeling, by substituting rodent CDRs or CDR sequences for the 
corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies are chimeric 
antibodies (U.S. Patent No. 4,816,567), wherein substantially less than an intact human variable domain has 
been substituted by the conesponding sequence from a non-human species. In practice, humanized antibodies 
arc typically human antibodies in which some CDR residues and possibly some FR residues are substituted by 

25 residues from analogous sites in rodent antibodies. 

The choice of human variable domains, both light and heavy, to be used in making the 
humanized antibodies is important in order to reduce antigenicity. According to the "best- fit" method, the 
sequence of the variable domain of a rodent antibody is screened against the entire library of known human 
variable domain sequences. The human sequence which is closest to thai of the rodent is then accepted as the 

30 human ftameworic (FR) for the humanized antibody [Sims ct al, J. Immvnpl.. Ul:2296 ( 1 993); Ch othia and 
Lcsk, J. Mol. Biol.. 12fi:901 (1987)]. Another method uses a particular framework derived from the consensus 
sequence of all human antibodies of a particular subgroup of light or heavy chains. The same framework may 
be used for several different humanized antibodies [Carter ct al. firpy. ^a^l Acad. S<?i. USA, £2:4285 (1992); 
Presta et al. J. Immunol. . 111:2623 (1993)]. 

35 It is further important that antibodies be humanized with retention of high affinity for the 

antigen and other favorable biological properties. To achieve this goal, according to a preferred method, 
humanized antibodies arc prepared by a process of analysis of the parental sequences and various conceptual 
humanized products using three dimensional models of the parental and humanized sequences. Three 
dimensional immunoglobulin models arc commonly available and are familiar to those skilled in the art. 
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Computer programs are available which illustrate and display probable three-dimensional conformational 
structures of selected candidate immunoglobulin sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the candidate immunoglobulin sequence, i.e., the analysis 
of residues that influence the ability of the candidate immunoglobulin to bind its antigen. In this way. FR 
residues can be selected and combined from the consensus and import sequence so that the desired antibody 
characteristic, such as increased afFmity for the target antigen(s), is achieved. In general, the CDR residues are 
directly and most substantially involved in influencing antigen binding [see, WO 94/04679 published 3 March 
1994]. 

Transgenic animals (e.g., mice) that arc capable, upon immunization, of producing a full 
repertoire of human antibodies in the absence of endogenous immunoglobulin production can be employed. 
For example, it has been described that the homozygous deletion of the antibody heavy chain joining region 
(Jj|) gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody 
production. Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice will 
result in the production of human antibodies upon antigen challenge (see, e.g., Jakobovits ei al., Proc. Natl. 
Acstt. Sci.USA. 22:255 1 -255 { 1 993); Jakobovits et al., Nanire . 262:25 5-258 { 1 993); Bruggermann et al, Year 
in ImmunOM 1:33 (1993)]. Human antibodies can also be produced in phage display libraries fHoogcnboom 
and Winter. J. Mol. Riol,, 222:381 (1991): Marks et al.. J. Mol. Biol. . 222:581 (1991)]. The techniques of 
Cote et at. and Bocracr ct al. are also available for the preparation of human monoclonal antibodies (Cote et 
aJ-i Monoclotial Antibodies and Cancer Therapy. Alan R. Liss, p. 77 (1985) and Bocmcr et al.. J. Immunol. . 
i42a):86.95(l991)]. 

4. Bisoecific Antihftriiw 

Bispccific antibodies are monoclonal, preferably human or humanized, antibodies that have 
binding specificities for at least two different antigens. In the present case, one of the binding specificities is 
for the Apo-2 ligand, the other one is for any other antigen, and preferably for a cell-surface prt>tcin or receptor 
or receptor subunit. 

Methods for making bi^cific antibodies are known in the art. Traditionally, the recombinant 
production of bispccific antibodies is based on the co-expression of two immunoglobulin heavy-chain/light- 
chaui pairs, where the two heavy chains have different specificities [Millstein and Cuello, Namre. 20^:537-539 
(1983)]. Because of the random assortment of immunoglobulin heavy and light chains, these hybridomas 
(quadromas) produce a potential mixture of ten different antibody molecules, of which only one has the correct 
bispccific structure. The purification of the correct molecule is usually accomplished by affinity 
chromatography steps. Similar procedures are disclosed in WO 93/08829. published 13 May 1993, and in 
Traunccker et al., EMBO J.. Jfi;3655-3659 (1991). 

According to a different and more preferred approach, antibody variable domains with the 
desired binding specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain 
sequences. The fusion preferably is with an immunoglobulin heavy-chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant region (CH 1 } 
containing the site necessary for light-chain binding present in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin light chain, are inserted into separate 



-26- 



wo 97/25428 PCT/US97/00272 
expression vectors, and are co-transfected into a suitable host organism. This provides for great flexibility in 
adjusting the mutual proportions of the three polypeptide fragments in embodiments when unequal ratios of 
the three polypeptide chains used in the construction provide the optimum yields. U is, however, possible to 
insert the coding sequences for two or all three polypeptide chains in one expression vector when the 
5 expression of at least two polypeptide chains in equal ratios results in high yields or when the ratios are of no 
particular significance. In a preferred embodiment of this approach, the bispecific antibodies arc composed 
of a hybrid immunoglobulin heavy chain with a first binding specificity in one ann, and a hybrid 
immunoglobulin heavy-chain/light-duiin pair (providing a second binding specificity) in the other arm. It was 
found that this asymmetric structure facilitates the separation of the desired bispecific compound from 

10 unwanted immunoglobulin chain combinations, as the presence of an immunoglobulin light chain in only one 
half of the bispecific molecule provides for a facile way of separation. This approach is disclosed in WO 
94/04690 published 3 March 1994. For further details of generating bispecific antibodies see, for example, 
Suresh ct al.. Method?: in FfiTvmologv. 121:210 (1986). 

5. Heteroconiuf ate Antibodies 

15 Heteroconjugate antibodies are also within the scope of the present invention. 

Heteroconjugate antibodies are composed of two covalcntly Joined antibodies. Such antibodies have, for 
example, been proposed to target immune system cells to unwanted cells [US Patent No. 4,676,980], and for 
treatment of HIV infection [WO 91/00360; WO 92/200373; EP 03089). It is contemplated that the antibodies 
may be prepared in vitro using known methods in synthetic protein chemistry, including those involving 

20 crosslinking agents. For example, immunotoxins may be constructed using a disulfide exchange reaction or 
by fonning a thioether bond. Examples of suitable reagents for this purpose include iminothiolate and mcthyl- 
4-mercaptobutyrimidate and those disclosed, for example, in U.S. Pat. No. 4,676,980. 
E. Uses of Aoo-2 Licand Antibodies 

Apo-2 ligand antibodies may be used in diagnostic assays for Apo-2 ligand, e.g., detecting 

25 its expression in specific cells, tissues, or scrum. Various diagnostic assay techniques known in the art may 
be used, such as competitive binding assays, direct or indirect sandwich assays and immunoprecipitation assays 
conducted in either heterogeneous or homogeneous phases fZola, Monoclonal Antibodies: A Manual of 
Technioues . CRC Press, Inc. (1987) pp. 147-158]. The antibodies used in the diagnostic assays can be labeled 
with a detectable moiety. The detectable moiety should be capable of producing, either directly or indirectly, 

30 a detectable signal. For example, the detectable moiety may be a radioisotope, such as ^H, ' ^C. ^^P, ^^S. or 
^^^I, a fluorescent or chemiJurainescent compound, such as fluorescein isothiocyanate. rtiodamine, or luciferin, 
or an enzyme, such as alkaline phosphatase, beta-galactostdase or horseradish peroxidase. Any method known 
in the an for conjugating the antibody to the detectable moiety may be employed, including those methods 
described by Hunter et al.. Nature . 144:945 (1962); David ct al., Biochemistry . 12:1014 (1974); Pain ct al., 

35 J. Immunol. Mc;h.. 4fi:219 (1981); and Nvijen. J. Histochem. and Cvtochem.. 2fl:407 (1982). 

Apo-2 ligand antibodies also are useful for the affinity purification of Apo-2 ligand from 
recombinant cell culture or natural sources. In this process, the antibodies against Apo-2 ligand arc 
immobilized on a suitable support, such a Sephadex resin or filter paper, using methods well known in the art. 
The immobilized antibody then is contacted with a sample containing the Apo~2 ligand to be purified, and 
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Aereafte, ,he suppon is washed wi,h a suitable solvent tha, will remove substantially all the material in the 
sample except the Apo.2 ligand, which is bound to the immobilized antibody. Finally, the suppon is washed 
w..h«.othersui,able solvent that will telease the Apo.2 ligand fr^ the antibody. Apo.2 ligand antibodies also 
ateusefiil for the affinity purification of a solubilized Apo.2 receptor or for expression cloning of an Apo.2 
5 receptor. 

•nic antibodies disclosed herein may also be employed as therapeutics. For instance anti 
Apo-2 ligand antibodies which block Apo-2 ligand activity (like Ap<^2 ligand-induced apoptosis) may be 
employed to ti.at pathological conditions or diseases associated with increased apoptosis (see. Tl^ompson 

Kits Coniajnlnp Apo-2 l,ipand or Ado>:> r.i p^^ n^ AnT iNrTlin 

In a fiinher embodiment of the invention, there arc provided anicles of manufaaur^ and kits 
contammg Apo-2 ligand or Apc.2 ligand antibodies which can be used, for instance, for the therapeutic or non- 
therapeutic applications described above. Th. article of manufactu« comprises a container with a label 
Suitable containers inchde. for example, bottles, vials, and test tubes. The containers may be fonned from 
5 a variety of materials such as glass or plastic. The conta^er holds a composition which includes an active 
agent that ts effective for therapeutic or non-therapeutic applications, such as described above. -n,e active 
agent in the composition is Apo-2 ligand or an Apo-2 ligand antibody. The label on the container indicates 
that the composition is used for a spcciHc therapy or n on -therapeutic application, and may also indicate 
directions for either in vivo or in vitro use, such as those described above. 

The kit of the invention will typically comprise the container described above and one or 
mor^ other container, comprising materials des^Ie <h)m a commercial m^^ 
diluents, filters, needles, syringes, and package inserts with instnictions for use. 

TTie following examples are offered for illustrative purposes only, and are not intended to 
limit the scope of the present invention in any way. 

Ail references cited in the present speciHcation art hereby incorporated by reference in their 

entirety. 

EXAMPl.FS 

AH restriction enzymes referred to in the examples were purchased from New England 
BioIabs and used accorxling to manufacturer's instructions. All other commerrialiy available reagents referred 
to in the examples were used according to manufacturer's instnictions unless otherwise indicated. The source 
of those cells identified in the following examples, and throughout the specification, by ATCC accession 
numbers is the American Type Culture Collection, Rockville. Maryland. 

EXAMPT.R 1 

hplation of CDNA rionrs Encoding H..rnn n A>v>-9 t .ip f,n^ 
To isolate a ftill-length cDNA for Apo-2 ligand. a lambda gtl I bacteriophage library of 
humanpiacenialcDNA(aboutlxl06clones)(HL10756,commeiriallyavailablefh^ 
by hybridiration with synthetic oligonucleotide probes based on an EST sequence (GenBank locus 
HHEA47M), which showed some degree of homology to human Fas/Apo- 1 ligand. The EST sequence of 
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HHEA47M is 390 bp and when translated in its +3 frame, shows 16 identities (o a 34 amino acid region of 
human Apo-1 ligand. The sequence of HHEA47M is as fallows: 



GGGACCCCAATGACGAAGAGAGTATGAACAGCCCCTGCTGGCAAGTCAAGTGGCAACTCCGT 
CAGCTCGTTAGAAAGATGATTTTGAGAACCTCTGAGGAAACCATTTCTACAGTTCAAGAAAAG 
5 CAACAAAATATTTCTCCCCTAGTGAGAGAAAGAGGTCCTCAGAGAGTAGCAGCTCACATAACT 
GGGACCAGAGGAAGAAGCAACACATTGTCTTCTCCAAACTCCAAGAATGAAAAGGCTCTGGG 
CCGCAAAATAAACTCCTGGGAATCATCAAGGAGTGGGCATTCATTCCTGAGCAACTTGCACTT 
GAGGAATGGTGAACTGGTCATCCATGAAAAAGGGTTTTACTACATCTATTCCCAAACATACTT 
TCGATTTCAGGAGG 
10 SEQIDN0:3 

A 60 bp oligonucleotide probe with the following sequence was employed in the screening; 
TGACGAAGAGAGTATGAACAGCCCCTGCTGGCAAGTCAAGTGGCAACTCCGTCAGCTCGT 
SEQ ID N0:4 

Hybridization was conducted overnight at room temperature in buffer containing 20% form amide. 5X SSC, 
1 5 1 0% dcxiran sulfate, 0. 1% NaPiPO^, 0.05M NaPO^, 0.05 mg salmon sperm DNA, and 0. 1 % sodium dodecyl 
sulfate, followed by several washes at 42*C in 5X SSC, and then in 2X SSC. Twelve positive clones were 
identified in the cDNA library, and the positive clones were rescrecned by hybridization to a second 60 bp 
oligonucleotide probe (not overlapping the first probe) having the following sequence: 

GGTGAACTGGTCATCCATGAAAAAGGGTTTTACTACATCTATTCCCAAACATACTTTCGA 
20 SEQ ID N0:5 

Hybridization was conducted as described above. 

Four resulting positive clones were identified and amplified by polymerase chain reaction 

(PCR) using a primer based on the flanking 5' vector sequence and adding an external Clal restriction site and 

a primer based on the 3' flanking vector sequence and adding an external Hindlli restriction site. PCR products 
25 were gel puri fted and subcloned into pGEM-T (commercially avai table from Promega) by T-A ligation. Three 

independent clones from different PCRs were then subjected to dideoxy DNA sequencing. DNA sequence 

analysis of these clones demonstrated thirt they were essentially identical, with some length variation at iheir 

5' region. 

The nucleotide sequence of the coding region of Apo-2 ligand is shown in Figure lA. 

30 Sequencing of the downstream 3' end region of one of the clones revealed a characteristic polyadenylation site 
(data not shown). The cDNA contained one long open reading frame with an initiation site assigned to the 
ATG codon at nucleotide positicms 91-93. The surrounding sequence at this site is in reasonable agreement 
with the proposed consensus sequence for Initiation sites [Kozak, J. Cell. Biol. . 115:887-903 (199 1 )]. The 
open reading frame ends at the termination codon TAA at nucleotide positions 934-936. 

35 The predicted mature amino acid sequence of human Apo-2 ligand contains 28 1 am ino acids, 

and has a calculated molecular weight of approximately 32.5 kDa and an isoelectric point of approximately 
7.63. There is no apparent signal sequence at the N-terminus, although hydropathy analysis (data not shown) 
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indicated the presence of a hydrophobic region between residues 1 5 and 40, The absence of a signal sequence 
and the presence of an internal hydrophobic region suggests that Apo-2 ligand is a type II transmembrane 
protein. The putative cytoplasmic, transmembrane and extracellular regions are 14, 26 and 24 1 amino acids 
Jong, respectively. The putative transmembrane region is underlined in Fig. lA. A potential N-linked 
glycosylation site is located at residue 109 in the putative extracellular domain. 

An alignment (using the Align™ computer program) of the amino acid sequence of the C- 
tenmina! region of Apo-2 ligand with other known members of the TNF cytokine family showed that, within 
the C-tcnninal region, Apo-2 Hgand exhibits 23.2% identity to Apo-1 ligand (Figure IB). The alignment 
analysis showed a lesser degree of identity with other TNF family members: CD40L (20.8%), LT-a (20.2%) 
LT-P (19.6%), TNF-a (19.0%), CD30L and CD27L (15.5%), OX^OL (14.3*/.X and 4-1 BBL (13.7%). In the 
TNF cytokine family, residues within regions which are predicted to forrn p strands, based on the crystal 
stnictures ofTNF-o and LT-a (Eck et at.. J. Bio. Chem. . 264: 1 7595. 1 7ftns ( i q«Q); Eck et a!.. J. Bio. Chcm. . 
2fiZ:2 1 19-2122 (1 992)], tend to be more highly conserved with other TNF family members than are residues 
in the predicted connecting loops. It was found that Apo-2 ligand exhibits greater homology to other TNF 
family members in its putative p strand regions, as compared to homology in the predicted connecting loops. 
Also, the loop connecting putative p strands, B and B', is markedly longer in Apo.2 ligand. 

EXAMPLE 2 
Expression of Human Apo-2 Ligand 
A. FulMeneth c DNA Fusion Construct 

A fiill-length Apo-2 ligand cDNA fused to a myc epitope tag was constructed as follows. 
The Apo-2 ligand cDNA insert was excised from the parental pGEM-T Apo-2 ligand plasmid (described in 
Example I) by digestion with Clal and Hindlll. and insened into a pRX5 mammalian expression plasmid 
[Schall et al.,CelL 61:361-370 (1990); Suva et al.. Science. 222:893-896 (1987)J. which was digested with the 
same restriction enzymes. A sequence encoding a 13 amino acid myc epitope tag 
Scr Met Glu Gin Lys Leu He Scr GIu Glu Asp Leu Asn SEQ ID N0:6 

[Evan etal.. Mot. Cell. Bio!., 5:3610-3616 (1985)) was then inserted between codon 281 and the siop codon 
(codon 282) at the 3' end of the Apo-2 ligand coding sequence by oligonucleotide directed mutagenesis [Zollcr 
et a).. Nucleic Acids Res 1^^:6487-6496 (1982)] to give plasmid pRK5 Apo-2 ligand-myc. 

The pRK5 Apo-2 ligand-myc plasmid was co-transfected into human 293 cells (ATCC CRL 
1 573) with a pRK5 plasmid carrying a neomycin resistance gene, by calcium phosphate precipitation. Stable 
clones expressing Apo-2 ligand-myc were selected by ability to grow in 50% HAM's F 1 2/50% DMEM 
(GIBCO) media in the presence of the antibiotic, G4 18 (0.5 mg/mL) (GIBCO). 

To investigate the topology of Apo-2 ligand, a G4 1 8-rcsistant clone was analyzed by FACS 
after staining with anti-myc monoclonal antibody (mAb) clone 9E1 0 [Evan el al., supra : commercially available 
from Oncogene Science) followed by a phycocrythrin (PE)-conjugatcd goat anti-mouse antibody (commercially 
available from Jackson ImmunoRcsearch). The FACS analysis revealed a specific positive staining shift in the 
Apo-2 ligand-myc-transfected clone as compared to mock transfected cells (Fig. IC), showing that Apo-2 
ligand is expressed at the cell-surface, with its carboxy terminus exposed. Accordingly, Apo-2 ligand is 
believed to be a type II transmembrane protein. 
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B. Ff:;P F"^'"" Constnicts 

Two soluble Apo-2 ligand extracellular domain ("ECD") fusion constructs were prepared, 
in which another sequence was flised upstream of the C-ierminal region of Apo-2 ligand. 

In one constnicl, 27 amino acids of the herpes virus glycoprotein D ("gD") signal peptide 
5 [described in Lasky el al.. MA. 1:23-29 (1984); Pennica et aU Pttk Nml Ag3d- Sci.. 22: 1 142-1146 (1995); 
Paborsky ct al., Protein Engineering . 3:547-553 ( I990)J and epitope tag sequence 

Lys Tyr Ala Uu Ala Asp Ala Scr Leu Lys Met Ala Asp Pro Asn Arg Phe Arg Gly Lys Asp Leu Pro Val Leu 
Asp Gin 
SEO ID N0:7 

10 were fused upstream to codons 1 14-2SI of Apo-2 ligand within a pRK5 mammalian expression plasmid. 
Briefly, the gD sequence was amplified from a parent plasmid, pCHAD (Gcnentech, prepared substantially as 
described in Lasky et al.. Science . 221:209-212 (1986)), in a PGR in which the 3' primer was complementary 
to the 3- region of the gD sequence as well as to codons 1) 4-1 21 of Apo-2 ligand. The product was used as 
a 5' primer along with a 3' primer complementary to the 3' end of the Apo.2 ligand-coding region in a 

1 5 subsequent PGR in which the pRKS Apo-2 ligand plasmid was used as a template. The product, encoding the 
gD-Apo-2 ligand ECD fusion was then subcloned into a pRK5 plasmid to give the plasmid pRK5 gD-Apo-2 
ligand ECD. 

Human embiyonic kidney 293 cells (ATCC CRL 1573) were transiently transfected with the 
pRK5 gD-Apo-2 ligand ECD plasmid or with pRK5, by calcium phosphate precipitation. Expression of 

20 soluble gD.Apo-2 ligand protein was assessed by metabolic labeling of the tnmsfcctcd cells with ^^S-Cys and 
^^S-Met. Cell supematants were collected after 24 hours and cleared by centriftigation. For 
immunoprecrpitation, 5 ml of supernatant were incubated with 586 anti-gD monoclonal antibody (Gcnentech) 
at I f^m\ overnight at 4"C. Then. 25 ^A Pansorbin (Sigma) was added for another ! hour at 4°C. The tubes 
were spun, the pellets were washed in PBS and boiled for 5 minutes in SDS sample buffer. The boiled samples 

25 were spun again, and the supematants were subjected to SDS-PAGE and autoradiography. 

Immunoprecipitation with anti-gD antibody revealed three predominant protein bands in the 
supematants of cells transfected with the gD-Apo-2 ligand plasmid (Fig, IE). These bands migrated with 
relative molecular masses (Mr) of 23, 48 and 74 kDa. The calculated molecular weight of the mature gD-Apo- 
2 polypeptide is approximately 22.5 kDa; hence, the observed bands may represent monomeric (23 kDa), 

30 dimeric (48 kDa) and trimcric (74 kDa) fomis of the fusion protein, and indicate that Apo-2 ligand can be 
expressed as a secreted soluble gD fusion protein in mammalian cells. 

In a second construct, s Met Gly HiS|o sequence (derived from the plasmid pET19B, 
Novagcn), followed by a 12 amino acid enterokinase cleavage site 

Met Gly His His His His His His His His His His Ser Ser Gly His He Asp Asp Asp Asp Lys His Met 
35 SEQ1DN0:8 

was fiiscd upstream to codons 1 14-28 1 of Apo-2 ligand within a baculovinis expression plasmid (pVLl 392. 
Phamiingen). Briefly, the Apo.2 ligand codon 1 14-281 region was amplified by PGR from the parent pRK5 
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Apo-2 ligand plasmid (described in Example 1) with primers complementary to the 5' and 3' regions which 
incoiporatc flanking Ndet and BamHI restriction sites respectively. The product was subcloned into pGEM-T 
(Promega) by T-A ligation, and the DNA sequence was confirmed. The insert was then excised by digestion 
with Ndei and BamHI and subcloned into a modified baculoviius expression vector pVL 1 392 (commercially 
available from Pharmingen) containing an amino terminal Met Gly HisjQ tag and enterokinase cleavage site. 

Recombinant baculovtrus was generated by co-transfecting the His |q- Apo-2 ECD plasmid 
and BaculoGold™ virus DNA (Pharmingen) into Spodoptera/rugiperda CSf9") celts (ATCC CRL 1711) 
using lipofectin (commercially available from GIBCO-BRL). After 4 - 5 days of incubation at 28°C, the 
released viruses were harvested and used for further amplifications. Viral infection and protein expression was 
perfomied as described by O'Reillcy ct al., Baculovirus expression vectors: A laboratory Manual, 
Oxford:Oxford University Press (1994). The protein was purified by Ni^'*^-chelate affinity chromatography, 
as described in Example 3 below. 

EXAMPLE 3 
Purification of Recombinant Huma n Apo-2 Ligand 

Extracts were prepared from recombinant virus-infected and mock<infected Sf9 cells (see 
Example 2. section B above) as described bv Rupert et al.. Nature. 362 : 1 75- 1 79 (1 993 V Briefly, Sf9 cells were 
washed, resuspcnded in sonication buffer (25 mL Hepes. pH 7.9; 12.5 mM MgClj; 0.1 mM EDTA; 10% 
Glycerol; 0.1% NP-40; 0.4 M KCI), and sonicated twice for 20 seconds on ice. The sonicates were cleared 
by ccntrifiigation, and the supernatant was diluted 50-fold in loading buffer (50 mM phosphate, 300 mM NaCl, 
1 0% Glycerol, pH 7.8) and filtered through a 0.45 ton filter. A Ni^'*"-NTA agarose column (commercially 
available from Qiagen) was prepared with a bed volume of 5 mL, washed with 25 mL of water and equilibrated 
with 25 raL of toading buffer. The filtered cell extract was loaded onto the column al 0.5 mL per minute. The 
column was washed to baseline A2gQ with loading buffer, at which point fraction collection was started. Next, 
the column was washed with a secondary wash buffer (50 mM phosphate; 300 mM NaCI. 10% Glycerol. pH 
6.0), which ehited nonspeciflcally bound protein. After reaching A2go baseline again, the column was 
developed with a 0 to 500 mM Imidazole gradient in the secondary wash buffer. One mL fractions were 
collected and analyzed by SDS-PAGE and silver staining or western blot with Ni^'^-NTA-conjugated to 
alkaline phosphatase (Qiagen). Fractions containing the eluted HiS|Q-Apo-2 ligand protein were pooled and 
dialyzed against loading buffer. 

An identical procedure was repeated with mock-infected Sf9 celts as the starting material, 
and the same Actions were pooled, dialyzed, and used as control for the purified human Apo-2. 

SDS-PAGE analysis of the purified protein revealed a predominant band of Mr 24 kDa. 
corresponding with the calculated molecular weight of 22.4 kDa for the HiS|Q-Apo-2 ligand monomer (Fig. 
ID, lane 3); protein sequence microanalysis (data not shown) confirmed that the 24 kDa band represents the 
HiS| Q-Apo-2 ligand polypeptide. Minor 4S kDa and 66 kDa bands were also observed, and probably represent 
soluble Apo-2 ligand homodimersand homotrimers. Chemical crosslinking of the purified Hisj q- Apo-2 ligand 
by incubation with suIfo-NHS (5mM) (Pierce Chemical) and EDO (Pierce Chemical) at 25 mM and 50 mM 
(Fig. 1 D, lanes 1 and 2, respectively), shifted the protein into the 66 kDa band primarily. These results suggest 
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that the predominant foim of Apo-2 ligand in solution is homotrimeric and that these trimers dissociate into 
dimers and monomers in the presence of SDS: 

EXAMPLES 

AooDtotic A^^tivitv of ApQ-2 Ligand on Human L,vmphoid Cell Lines 
5 Apoptotic activity of purified, soluble Apo-2 ligand (described in Example 3) was examined 

using several human lymphoid cell lines. In a first study, the effect of Apo-2 ligand on 9D cells (Genentech, 
Inc.), derived from Epstcin-Barr vims (EBV)-transformed human peripheral blood B cells, was examined. The 
9D cells(5 X 10^ cells/well in RPMI 1640 medium plus 10% fetal calf serum) were incubated for 24 hours with 
either a media control, Apo-2 ligand (3 Atg/ml, prepared as described in Example 3 above), or anti-Apo-1 
10 monoclonal antibody, CHII (1 ;ig/m I) [described by Yonehara et al.. J. Exp. Med.. 1 69: 1 747- 1756 0 989): 
commercially available from Medical and Biological Laboratories Co.], The CHI I anti-Apo- 1 antibody is an 
agonistic antibody which mimicks Fas/Apo-1 ligand activity. 

After the incubation, the cells were colleaed onto cyiospin glass slides, and photographed 
under an inverted light microscope. Both Apo-2 ligand and the anti-Apo- 1 monoclonal antibody induced a 
15 similar apopiotic effect, characterized by cytoplasmic condensation and reduction in cell numbers, (see Fig. 
2A). 

The effects of the Apo-2 ligand on the 9D cells, as well as on Raji cells (human Burkitt's 
lymphoma B cell line, ATCC CCL 86) and Juricat cells (human acute T cell leukemia cell line, ATCC TIB 1 52) 
were further analyzed by FACS. The FACS analysis was conducted, using established criteria for apoptotic 

20 cell death, namely, the relation of fluorescence staining of the cells with two markers: (a) propidium iodide 
("PI") dye, which stains apoptotic but not live cells, and (b) a fluorescent derivative of the protein, annexin V, 
which binds to the exposed phosphatidylserine found on the surface of apoptotic cells, but not on live cells 
[Darzynkiewlcz et al.. Methods in Cell Biol.. 41:15-38 (1994); Fadok et al., J. Immunol.. i4£;2207-2214 
(1992); Koopman et al, Mlflll.M: 14 15-1420 (1994)]. 

25 The 9D cells (Fig. 2B\ Raji cells (Fig. 2C), and Juricat cells (Fig. 2D) were incubated ( 1 x 

10^ cellsAvell) for 24 hours with a media control (left panels), Apo-2 ligand (3 ^tg/ml, prepared as described 
in Example 3) (center panels), or anti-Apo- 1 ligand antibody. CHI 1 (1 /ig/ml) (right panels). The cells were 
then washed, stained with PI and with fluorescein thiocyanatc (FlTC)-conjugated annexin V (purchased from 
Brand Applications) and analyzed by flow cytometry. Cells negative for both PI and annexin V staining 

30 (quadrant 3) represent live cells; Pl-negative, annexin V-positive staining cells (quadrant 4) represent early 
apoptotic cells; Pl-positive, annexin V-positive staining cells (quadrant 2) represent primarily cells in late 
stages of apoptosis. 

The Apo-2 ligand treated 9D cells exhibited elevated extracellular annexin V binding, as well 
as a marked increase in uptake of PI (Fig, 2B), indicating that Apo-2 ligand induced apoptosis in the cells. 
35 Comparable results were obtained with anti-Apo- 1 antibody, CHI 1 (Fig. 2B). The Apo-2 ligand induced a 
similar response in the Raji and Jurkat cells, as did the anti-Apo- 1 antibody, (sec Figures 2C and 2D). The 
induction of apoptosis (measured as the % apoptotic cells) in these cell lines by Apo-2 ligand, as compared to 
the control and to the anti-Apo- 1 antiTwdy, is also shown in Table 1 below. 
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The activation of intemucleosomal DNA fVa^entation by Apo-2 ligand was also analyzed. 
Jurkat cells {left lanes) and 9D cells (right lanes) were incubated (2 x 10^ cells/well) for 6 hours with a media 
control or Apo-2 ligand (3 figfml. prepared as described in Example 3), The DNA was then extracted from 
the cells and labeled with ■'^P-ddATP using terminal transferase. The labeled DNA samples were subjected 
5 to electrophoresis on 2% agarose gels and later analyzed by autoradiography [Moore et al., Cvtotcchn Ql ff E Y - 
12: 1-1 1 (1995)]. The Apo-2 ligand induced intemucleosomal DNA fragmentation in both the Juilcar cells and 
9D cells (Fig. 2E). Such DNA fragmentation is characteristic of apoptosis [Cohen, Advances in Immunol. . 
5fl:55-S5(l991)]. 

To examine the time-course of the Apo-2 ligand apoptoiic activity, 9D cells were incubated 
1 0 in microtiter dishes (5 x lO'* cellsAvell) with a media control or Apo-2 ligand (3 fjgfm\, prepared as described 
in Example 3) for a period of time ranging from 0 hours to 50 hours. Following the incubation, the numbers 
of dead and live cells were determined by microscopic examination using a hemocytometer. 

As shown in Fig. 3A. maximal levels of cell death were induced in 9D cells within 24 hours. 
To determine dose-dependency of Apo-2 ligand-induced cell death, 9D cells were incubated 
IS (5x10^ cells/well) for 24 hours with serial dilutions of a media control or Apo-2 Hgand (prepared as described 
in Example 3). The numbers of dead and live cells following the incubation were determined as described 
above. The results are illustrated in Fig. 3B. Specific apoptosis was determined by subtracting the % apoptosis 
in the control from % apoptosis in Apo-2 ligand treated cells. Half-maximal activation of apoptosis occurred 
at approximately 0.1 ;jg/m[ (approximately 1 nM), and maxima! induction occurred at about I to about 3 
20 (approximately 1 0 to 30 nM). 

EXAMPLE 5 

Apoptotic Activity of Apo-2 l.igand on Human Non-lvmnhoid 

Tymor Cell Lints 

The effect of Apo-2 ligand on human non-lymphoid tumor cell lines was examined using the 
25 following cell lines: HeLa (derived from human ccrrical carcinoma, ATCC CCL 22); ME- 1 80 (derived from 
human cervical carcinoma, ATCC HTB 33); MCF7 (derived from human breast carcinoma, ATCC HTB 22); 
U-937 (derived from human hystiocytic lymphoma. ATCC CRL 1593); A549 (derived from human lung 
carcinoma, ATCC CCL 1 85); and 293 (derived from an adenovirus-transformed human embryonic kidney cells, 
ATCC CCL 1573). In the assay, I x 10^ cells of each cell line were incubated for 24 hours 

30 with a media control, Apo-2 ligand (3 /^ml, prepared as described in Example 3), or anti-Apo-1 monoclonal 
antibody, CH 1 1 (1 ^ml). Following the incubation, apoptosis was measured by FACS analysis, as described 
in Example 4. The results arc shown below in Tabic 1 . 
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Cell line 




% apoptotic cells 




Control 


Apo-2L 


Ami-Apo-I Ab 










9D 


22.5 


92.4 


90.8 


RBji 


35.9 


73.4 


83.7 


Jurkat 


5.9 


77.0 


18.1 


Non-lvmohoid 








HcU 


5.3 


18.6 


17.9 


MCF7 


39.9 


47.3 


44.0 


U-937 


3,6 


62.3 


16.6 


A549 


16.5 


74.6 


25.1 


ME. 180 


8.6 


80.7 


9.9 


293 


12.3 


12.2 


16.7 



The HeLa cells and MCF7 cells were equally sensitive to induction of apoptosis by Apo-2 
15 ligand as compared to the CHll anti-Apo-I antibody. In contrast, the U-937 cells and A549 cells were 
markedly more sensitive to Induction of apoptosis by Apo-2 ligand. The ME- 1 80 cells were quite sensitive 
to the Apo-2 ligand, but were relatively resistant lo the anti-apo-I antibody. The 293 cells were resistant to 
the Apo-2 ligand and weakly responsive to the anti-Apo-1 antibody. 

Thus, Apo-2 ligand is capable of inducing apoptosis in cells of non- lymphoid origin, as well 
20 as cells of lymphoid origin (see Example 4). Also, although not fijHy understood and not wishing to be bound 
by any particular theory, Applicants presently believe that Apo-2 ligand acts via a receptor which is distinct 
from Apo-1. This belief is supported by the data herein showing that the cell lines described above exhibit 
differential patterns of sensitivity to Apo-2 ligand and to anti-Apo-I antibody, (see also, Example 7 below). 

EXAMPLES 

25 Effect of Apo-2 Liyand on H uman Peripheral Blood Monocytes 

Peripheral blood mononuclear cells ("PBMC") were isolated from the blood of human donors 

by Ficoll density gradient ccntrifugation using Lymphocyte Separation Medium (LSM®, Organon Teknika). 

An isolated population of T cells was prepared from the PBMC by removal of B cells through surface !g 

binding to an anti-Ig column and removal of monocytes through Fc receptor binding to an Ig column (R&D 
30 Systems). An isolated population of B cells was prepared from the PBMC by complement-mediated 

elimination of T cells reacted with the anti-CD3 antibody produced by the 0KT3 myeloma (ATCC, CRL 8001 ) 
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and of monocytes reacted with a monocyte-specific antibody produced by the 4F2C13 hybridoma f ATCC, HB 
22). Additional monocyte removal was accomplished by adherence to plastic. 

The freshly isolated peripheral blood B or T cells (1 x 10^ cellsywell) were cultured for 3 
days in the presence of a media control or Apo-2 ligand (3 ;ig/ml, prepared as described in Example 3). For 
5 activation, B cells were treated simultaneously with I ipopoly saccharide ("LPS", 1 /ig/ml), and T cells were 
treated with phorbol myristate acetate ("PMA", iOng/mI)plusionomycin(l A^ml) (Sigma). Forinicrleukin-2 
("IL-2") pretreatment, T cells were cultured for 3-5 days in the presence of IL-2 (50 U/ml) (Genzyme) before 
exposure to Apo-2 ligand. Apoptosis was determined using FACS analysis essentially as described above in 
Example 4. However, B cells were gated by anti-CD 1 9/CD20 antibodies (Jackson Immunorcsearch), and T 

10 cells were gated by anti-CD4/CD8 antibodies (Jackson Immunorcsearch). The results are shown in Table 2 
below, representing means ± SE of independent experiments [B lymphocytes - 9 experiments; T lymphocytes - 
8 experiments; T lymphocytes plus IL-2 - 5 experiments], in which 50,000 cells were analyzed per data point. 
Statistical analysis was perfonned using the student t-test. In Table 2, a=p<0.05 and b=p<0.02 relative to the 
respective control. 

15 TABLE 2 



Treatment 


% apoptotic 


cells 


Control 


Apo-2L 


B Ivmphocvtes 










none 


40.1 ±4.1 


53.2 ±3.3^ 




LPS 


44.8 ±2.8 


55.9 ±3.2^ 


T Ivmphwytes 










none 


6.3 ±0.6 


8.2 ±0.8 




PMA/ionomycin 


40.3 ± 4.4 


54.2 ± 3.3« 




IL-2 pretreatment 


I3.7± 1.2 


34.5 ±4.8** 



Apo-2 ligand induced significajil apoptosis In unstimulated B ceils, in B cells activated by 
LPS and m T cells activated with PMA and ionomycin. It was previously reported that peripheral T cells can 
20 be predisposed to apoptosis by culturing the cells in the presence of IL-2 [Lenardo ct al.. Nature . 353:858-861 
(1991)]. The present study showed that pretreatment with IL-2 did sensitize the peripheral T cells to Apo-2 
ligand-induced death. 

e;^ample 7 

Inhibition Assay Using Fas/Apo-1 and TNF Recet)tors 
25 An assay was conducted to detenn ine if the Fas/Apo- 1 receptor, as we II as the type 1 and type 

2 TNF receptors (TNF-RI and TNF-R2). are involved in mediating the apoptotic activity of Apo-2 ligand by 
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testing if soluble forms of these receptors are capable of inhibiting the apoptotic activity of puriried. soluble 
Apo-2 ligand (described in Example 3). 

9D cells were incubated (5 x 10^ cells/well) for 24 hours with a media control or Apo-2 
ligand (0.3 ;ig/ml, prepared as described in Example 3) in the presence of buffer control, CD4-IgG control (25 
5 ^^ml), soluble Apo-l-IgG (25 ^ig/ml), soluble TNFRMgG (25 ^ig/ml) or soluble TNFR2-lgG fusion protein 
(25 A«/ml). Soluble derivatives of the Fas/Apo-1 , TNF-Rl and TNF-R2 receptors were produced as IgG fusion 
proteins as described in Ashkenazi ct al., Mfilhfidi fi: 104-115 (1995). CD4.|gG was produced as an IgG fusion 
protein as described in Bym et al., Nature. ^-.661-610 (1990) and used as a control. 

As shown in Figure 3C, none of the receptor-fusion molecules inhibited Apo-2 ligand 
10 apoptotic activity on the 9D cells. These results indicate that Apo-2 ligand apoptotic activity is Independent 
of Fas/Apo-l and of TNF-Rl and TNF-R2. 

EXAMPLES 

Expression of Adq-2 Lieand mRNA in Mammalian Tissues 
Expression of Ap<>-2 ligand mRNA in human tissues was examined by Northern blot analysis 
1 5 (Fig. 4), Human RNA blots were hybridized to a ^^P-labclcd DNA probe based on the full-length Apo-2 
ligand cDNA. or to a ^^p.iabelcd RNA probe based on the GenBank EST sequence, HHEA47M (see Example 
1). Human fetal RNA blot MTN (Clontcch) and human aduh RNA blot MTN-II (Clontcch) were incubated 
with the DNA probe, while human adult RNA blot MTN-i (Clontech) was incubated with the RNA probe. 
Blots were incubated with the probes in hybridization buffer (5 X SSPE; 2 X Dcnhardfs solution; 100 mg/mL 
20 denatured sheared salmon sperm DNA; 50% formamidc; 2% SDS) for 16 hours at 42*C. The blots were 
washed several times in I X SSPE; 2% SDS for 1 hour at 65**C and 50% freshly deionized foimamide; 1 X 
SSPE; 0.2% SDS for 30 minutes at 65°C. The blots were developed after overnight exposijre, using a 
phosphorimager (Fuji). 

The results are shown in Figure 4. In fetal human tissues, Apo-2 ligand mRNA expression 
25 was detected in lung, liver and kidney, but not in brain tissue. In adult human tissues, Apo-2 ligand mRNA 
expression was detected in spleen, thymus, prostate, ovary, small intestine, peripheral blood lymphocytes, heart, 
placenta, lung, and kidney. Little or no expression was detected in testis, brain, skeletal muscle, and pancreas. 
The expression profile observed for Apa-2 ligand, as described above, is not identical to that of Apo- 1 ligand, 
which is expressed primarily in T cells and testis [Nagata ct aL, supral. 
30 EXAMPLE 9 

Apoptotic Activity of At>o -2 Lipand on Human Tumor Cell Lines 

Apoptotic activity of Apo-2 ligand (described in Example 3) on human tumor cell lines was 
further examined in the presence or absence of one of several chemotherapeutic agents. 

The following human tumor cell lines were assayed: A549 (lung carcinoma, ATCC CCL 
35 1 85); HCTl 16 (colon carcinoma, ATCC CCL 247); SW480 (colon adenocarcinoma, ATCC CCL 228); 
MDA23I (breast adenocarcinoma. ATCC HTB 26); HeU (cervical carcinoma, ATCC CCL 22); ME- 1 80 
(cervical carcinoma. ATCC HTB 33); T24 (bladder carcinoma, ATCC HTB 4); SK-N-AS (neuroblastoma. 
White et al., Proc. Natl. Acad. Sci. . 22:5520-5524 (1995)). Several of these cell lines express wild-type p53 
while the others do not due to mutations, as shown in Table 3 below. The cells were plated at 2.5 x 10^ 
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ceils/ml in 96 well plates and incubated overnight. The cells were cultured in the presence of 2-foId dilutions 
of Apo-2 ligand (ranging from 100 ng/ml to 0.01 ng/ml). In some of the cultures, a chemotherapeutic agent 
was also added for 24 hours- cyclohexamide ("CHX") (50 ^g/ml; Sigma Chemicals), Doxorubicin (10- iOO 
ng/ml; Phannacia), or 5-FU (6 mg/ml; Roche). 

After 24 hours of incubation, the cells were stained with 0.5% crystaj-violet in 20% 
methanol. Cell viability was determined by eluting the dye from the stained cells with 0. 1 M sodium citrate 
(O.IM citric acid in 50% methanol), and measuring absorbance at 540 nm. 

The results are shown in the Table below. 

TABLE 3 



CELL LINE 


TUMOR TVPE 


p53 
STATUS 


Apo-2L 
SENSITIVITY 


ENHANCED BV 
CHX Dox 5 - PU 


A54 9 


lung carcinoma 


WT 


+ + 


yes 


yes 


yes 


HCT116 


colon carcinoma 


mut 


+ + 


yes 


yes 


yes 


SW4 80 


colon carcinoma 


mut 


+ + 


yes 


yes 


yes 


MDA231 


breast carcinoma 


mut 


++ 


yes 


yes 


yes 


HeLa 


cervical carcinoma 


mut 


+ 


yes 


ND 


ND 


ME180 


cervical carcinoma 


WT 


+ + 


yes 


yes 


ND 


T24 


bladder carcinoma 


mut 


+ + + 


yes 


yes 


ND 


SK-N-AS 


neuroblastoma 


-> 


+ 


ND 


ND 


ND 



+: >35% death after 24h with 100 ng/ml Apo-2L 
++: >70% death after 24h with 100 ng/ml Apo-2L 
+++: >70% death after 24h with 10 ng/ml Apo-2L 



These results show that Apo-2 ligand induced cell death in tumor cell lines derived fi-om various tumor types 
and that Apo-2L induced cell death independently of the p53 status of the tumor cells. These results also show 
that the Apo-2 ligand-induced cell death is augmented by several different chemotherapeutic drugs. 

EXAMPLE 10 

ApgptQtic Activiry pf Apg-i? Uean<l in v/vf? 

The effects of Apo-2 ligand were examined in tumor bearing nude mice. Nude mice (5-10 
mice per group) (purchased from Harlan Sprague Dawlcy) were injected (Day 0) subcutaneous ly with MDA23 1 
human breast carcinoma cells (ATCC HTB 26) (2x10^ cells/mouse). Tlie tumors were then allowed to grow 
for 14 days. On Days 14 and 15, 2 jig/0.05m I/mouse Apo-2 ligand (Example 3) and/or 10 ;ig/0.05ml/mouse 
Doxorubicin (Pharmacia) was injected at the tumor site. Control animals were similarly injected with 0.05ml 
PBS. On Day 21, the animals were sacrificed and the tumors excised and weighed (grams). 

The results arc shown in Figure 5. The data shows that Apo-2 ligand treatment inhibited 
tumor growth by itself and that Apo-2 ligand enhanced the inhibitory effects of Doxoiubicin on tumor growth. 
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FXAMPLEIl 
Apnptotic Activity r*f Ligand in vivo 
The anti-tumor effects of Apo-2 ligand were also examined in tumor bearing nude mice, as 
described in Example 10. except that on Day 0, the mice were injected subcutaneously with HCTl 1 6 human 
5 colon carcinoma cells (ATCC CCL 247) (2x10^ cells/mouse). The tumors were then allowed to grow for 1 4 
days. On Days 14 and 15, 2 ng/0.05ml/mouse Apo-2 ligand and/or 10 pg/O.OS ml/mouse 5-FU (Roche) was 
injeaed at the tumor site. Control animals were similarly injected with 0.05ml PBS. On Day 2 1 , the animals 
were sacrificed and the tumors excised and weighed (grams). 

The results are shown in Figure 6. These results show that Apo-2 ligand treatment inhibited 
10 tumor growth by itself and that Apo-2 ligand enhanced the inhibitory effects of 5-FU on tumor growth. 

EXAMPLE 12 
A poptotic Activity of Apo-2 I.ieand in vivo 
The anti-tumor effects of Apo-2 ligand were examined in tumor bearing nude mice, as 
described in Example U, except that on Days I and 2, 10 ^g/0. 05m I/mouse Apo-2 ligand and/or 100 
1 5 ng/0.05ml/mouse 5-FU was injected intraperitoneal ly. Control animals were similarly injected with PBS. 
Tumor size (mm^) was then measured on Days 5, 9, and 1 5. On Day 1 5, the animals were sacrificed and the 
tumors excised and weighed (grams). 

The results are shown in Figures 7 and 8. These results show that Apo-2 ligand is capable 
of reaching the subcutaneous tumor site and exerting an anti-tumor effect even when administered by 
20 intraperitoneal injection. Also, these results confirm the ability of Apo-2 ligand treatment to inhibit tumor 
growth by itself and to enhance the inhibitory effects of 5-FU on tumor growth. 

FX AMPLE 13 
Inhibition A ^mv 1 fsing CrmA 
To investigate whether proteases such as ICE and CPP32/Yama play a role in apoptosis- 
25 induction by Apo-2 ligand, an assay was conducted to determine if CrmA blocks Apo-2 ligand-induccd 
apoptosis [Marstcrs et al„ Current Biology . 6:750-752 (1996)1- CrmA is a poxvirus-derivcd inhibitor of the 
death proteases ICE and CPP32/Yama and blocks death signalling by TNFRl and Fas/Apo-1 . In addition, to 
investigate if the "death domain" containing adaptor protein, FADD, which mediates apoptosis induction by 
Apo-I ligand and by TNF [Chinnaiyan et aL. CelL ai:505.5]2 (1995); Hsu ct al., Ceil. 24:299-308 (1996)], 
30 is involved in Apo-2 ligand-induccd apoptosis, an assay was conducted to determine if a dominant negative 
mutant foim of FADD, (FADD-DN) [Hsu et al., supra l inhibits Apo-2 ligand function [Marsters ct al., Omm 
Biology - 6:750-752(1996)]. 

HcLa-S3 (ATCC CCL 22) cells were transfectcd with a pRK5-CrmA expression plasm id 
(CrmA sequence reported in Ray ct al., supra) or a pRK-5-FADD-DN expression plasm id (Hsu et al.. Cfiii. 
35 54:299-308 <1996)). pRK5 was used as a control. The cells were co-transfccted with pRK5-CD4 (Smith el 
al., Science. 222: 1704-1707 (1988)) as a marker for uptake of plasmid DNA. Transfectcd cells were identified 
by staining with phycocrythrin-conjugatcd anti-CD4 antibody (Jackson Immunorcsearch) and apoptosis was 
analyzed by FACS essentially as described in Example 4 above. 
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The results are shown in Figure 9. CnmA blocked Apo-2 ligand-induced apoptosis. as welt 
asapoptosis induced by anti-Apo-I antibody. In contrast, FADD-DN had little effect on Apo-2 ligand-induced 
apoptosis but blocked substantially the apoptosis induction by anti-Apo-1 antibody. Accordingly, the assay 
results suggest that Apo-2 ligand, TNFRl and Fas/Apo-l may engage a common distal signalling pathway to 
5 activate apoptotic cell death. In particular, the results suggest that proteases such as ICE and CPP32y Yama may 
be required for Apo-2 ligand induced apoptosis. In contrast, FADD is required for cell death induction by 
TNFRl and Fas/Apo-l, but not by Apo-2 ligand. 

EXAMPLE 14 

A. Pretjaration of anti-ADO-2 Ligand Antibodies 

1 0 Balb/c mice (obtained from Charles River Laboratories) were immunized by injecting 1 

Apo-2 ligand (prepared as described in Example 3 and diluted in MPL-TDM adjuvant purchased from Ribi 
Immunochemical Research Inc., Hamilton, MT) ten times into each hind foot pad at 1 week intervals. Three 
days after the final boost injection, popliteal lymph nodes were removed from the mice and a single cell 
suspension was prepared in DMEM media (obtained from Biowhitakker Corp.) supplemented with t% 

15 penicillin-streptomycin. The lymph node cells were then fused with murine myeloma cells P3X63AgU.l 
(ATCCCRL 1597) using 35% polyethylene glycol ILaskor et al.. Celt. Immunol. . 55:25 1 (1980)] and cultured 
in 96-weIl culture plates. Hybridomas resulting from the fusion were selected in HAT medium. Ten days after 
the fusion, hybridoma cukure supematants were screened in an ELiSA (Kim et al., J. Immunol. Mg t |h ,r 1^0 :9- 
1 7 (1992)) to test for the presence of monoclonal antibodies binding to the Apo-2 ligand protein. 

20 In the ELISA, 96-well microtiter plates (Nunc) were coated by adding 50 of 0.5 ^^ml 

Apo-2 ligand (see Example 3) in PBS to each well and incubating at 4°C overnight. The plates were then 
washed three limes with wash buffer (PBS plus 0.05% Tween 20). The weils in the microtiter plates were then 
blocked with 200 tA of 2% bovine serum albumin (BSA) and incubated at room temperature for 1 hour. The 
plates were then washed again three times with wash buffer. 

25 After the washing step, 50 //I of 2 tig/m\ of the Apo-2 ligand antibodies or 100 ^1 of the 

hybridoma culture supernatant was added to designated welts. 100 /^l of P3X63AgU.l myeloma cell 
conditioned medium was added to other designated wells as controls. The plates were incubated at room 
temperature for 1 hour on a shaker apparatus and then washed three times with wash buffer. 

Next, 50 HRP-conjugated goat anti-mouse IgG (purchased from Cappel Laboratories), 

30 diluted 1:1000 in assay buffer (0.5% bovine serum albumin, 0.05% Twcen-20. 0.01%Thimersol in PBS), was 
added to each well and the plates incubated for 1 hour at room temperature on a shaker apparatus. The plates 
were washed three times with wash buffer, followed by addition of 50 of substrate (TMB, 3,3',5,5'- 
tetramcthylbenzidin; obtained from Kirkegaard & Perry, Gaithersburg, MD)to each well and incubation at 
room temperature for 10 minutes. The reaction was stopped by adding 50 ^\ of stop solution (Kirkegaard & 

35 Perry) to each well, and absorbance at 450 nm was read in an automated microtiter plate reader. 

Hybridoma supematants (99 selected) were tested for activity to block Apo-2 ligand-induced 
9D cell killing. Activity was initially detennined by examining % viability of treated 9D cells using trypan blue 
dye exclusion. 
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Blocking activity was also confiniicd by FACS analysis. The 9D cells (5x10^ cells/0.5 ml) 
were suspended in complete RPMl media (RPMI plus 10%FCS, glulamine, nonessential amino acids, 
penicillin, streptomycin, sodium pyruvate) and placed into 24.well macrotiter plates. 0.5 ml of Apo-2 ligand 
( I Mg/ml) (prepared as described in Example 3) was suspended into complete RPMI media, preincubatcd with 
5 \Oug of purified monoclonal antibodies or 100 of culture supematanu and then added into the 24 macrotiter 
wells containing 9D cells. The macrotiter plates were incubated overnight at 37"C and in the presence of 7% 
CO2. The incubated cells were then harvested and washed once with PBS. The viability of the cells was 
determined by staining of FTTC-annexin V binding to phosphatidylserine according to manufacturer 
recommendations (Clontech). The cells were washed in PBS and resuspended in 200 >jI binding buffer. Ten 
10 fA of annexin-V-FITC (I ^ml) and 10 a/I of propidium iodide were added to the cells. After incubation for 
15 minutes in the dark, the 9D cells were analyzed by FACS. 

Eight potential blocking and 4 potential non-blocking antibody secreting hybridomas were 
identified and were ftuther cloned (twice) by limiting dilution techniques. 

FACS analysis of four antibodies, referred to as monoclonal antibodies 1 D 1 , 2G6, 2E 1 1 . and 
15 5C2, is illustrated in Figure 10 (As indicated below, the ID 1, 2G6, 2EI 1 and 5C2 antibodies are produced by 
hybridomas IDI.12.4, 2G6.3.4, 2EI t.5.5, and 5C2.4.9. respectively, all of which have been deposited with 
the ATCC). The 9D cells treated with the Apo-2 ligand (top left figure) showed 50% apoplotic cells above the 
untreated, control cells (top right figure). The 9D cells treated with Apo-2 ligand plus the 2E1 1 , 5C2, 2G6, 
or ID! antibodies showed 0%, 6%, 26%, and 48% apoptotic cells above the untreated control, respectively. 
20 These results show that the 5C2, 2E1 1 and 2G6 antibodies are blocking antibodies while the 1 Dl antibody is 
a non-blocking antibody. The most potent blocking activity was observed with the 502 antibody. 

The antigen specificities of the four antibodies was also tested in an ELISA. Microtiier wells 
were coated with 2 fj^m\ lymphotoxin (Gencntcch, Inc., see also, EP 164,965, Gray ct al.. NatOK. 212:721- 
724 (1984)), TNF-alpha (Genentech, Inc., see also, Pcnnica et al. Nature. 112:724-729 (1984); Aggarwal et 
25 al., J. Biol. Chem.. 2fiQ;2345-2354 (1985)), or Apo-2 ligand (see Example 3). Monoclonal antibodies 1 Dl . 
2G6, 2EI 1, and 5C2 were tested at a concentration of 10 pg/ml. 

The results of the assay are shown in Figure 11. The data in Figure 11 shows that 
monoclonal antibodies 2G6, 2E1 1 and 5C2 are specific for Apo-2 ligand. while monoclonal antibody IDI 
showed weak cross-reactive binding to lymphotoxin and to TNF-alpha. 

30 B. Isotvping 

The isotypcs of the 1 Dl , 2G6, 2EI 1 , and 5C2 antibodies (described in Section A above) were 
detcfmined by coaling microtiter plates with isotype specific goat anti-mouse Ig (Fisher Biotech, Pittsburgh. 
PA) overnight at 4* C. The plates were then washed with wash buffer as described above. The wells in the 
microtiter plates were then blocked with 200 fA of 2% bovine serum albumin and incubated at room 
35 temperature for 1 hour. The plates were washed again three times with wash buffer. 

Next. 100 /J of 5 pig^l of the purified Apo-2 ligand antibodies or 100 ^ of the hybridoma 
culture supernatant was added to designated wells. The plates were incubated at room temperature for 30 
minutes and then 50 ^1 HRP-conjugated goat anti-mouse IgG (as described above) was added to each well. 
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The plates were incubated for 30 minutes at room temperature. The level of HRP bound lo the plate was 
detected using HR? substrate as described above. 

The isotyping analysis showed that the I Dl and 2G6 antibodies are ]gG2b antibodies, and 
the 2EI I and SC2 antibodies are !gG2a antibodies. 
5 C. Epitope maopin& 

Epitope mapping was performed using a competitive binding ELISA as described in Kim 
et al., supra , using biotinylated monoclonal antibodies. The selected monoclonal antibodies were biotinylated 
using N-hydroxylsuccinimlde as described in Antibodies. A laboratory Manual, Eds. E. Harlow and D. Lane, 
p. 342. Microtilcr plate wells were coated with 50 tA of Apo-2 ligand (see Example 3, 0. 1 ^ig/ml) and kept 
1 0 overnight at 4° C, and then blocked with 2% BSA for I hour at room temperature. After washing the microliter 
wells, a mixture of a predeiermined optimal concentration of biotinylated antibodies and a thousand-fold excess 
of unlabeled antibody was added into each well. Following a I hour incubation at room temperature, the plates 
were washed and the amount of biotinylated antibody was detected by the addition of HRP-streptavidin. After 
washing the microtitcr wells, the bound enzyme was deteaed by the addition of the substrate (TMB), and the 
1 5 plates were read at 490 nm with an ELISA plate reader. 

The results arc shown in Figure 12. The results show that the binding of the HRP-conjugated 
antibodies was effectively inhibited by the excess amount of its own antibody but not by the other antibodies 
assayed. 

The regions of the Apo-2 ligand recognized by the monoclonal antibodies were determined 
20 using synthetic peptides [aa 128-143 (peptide "APO 14"); aa 144-159 (peptide "APO 15"); aa 192-204 (peptide 

"APO 17"); aa 230-238 (peptide "APO 18"); aa 261-272 (peptide "APO 19") of the Apo-2 ligand sequence 

as shown in Fig. 1 A] in an ELISA as described in Chuntharapai et al., J Immunol.. 152:1 783-1789 (1994). 

The results are shown in Figure 13. The IDl antibodies showed binding to the APO 17 peptide comprising 

amino acid residues 192-204 of Apo-2 ligand. 
25 • * • • • 

Ptpgsh of Material 

The following cell lines have been deposited with the American Type Culture Collection. 
12301 Parklawn Drive. Rockville, MD, USA (ATCC). 

Cell line ATCC Den No. ^mv\ Pate 

30 2935-pRK5-hApo-2L- CRL-12014 ' Jan.3.1996 
myc clone 2,1 

lDl.t2.4 . 

2G6.3.4 

2E1 1.5.5 

35 5C2.4.9 
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This deposit was made under the provisions of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure and the Regulaiions 
thereunder (Budapest Treaty). This assures maintenance of a viable culture of the deposit for 30 years from 
the date of deposit. The deposit will be made available by ATCC under the terms of the Budapest Treaty, and 
subject to an agreement between Genentech, Inc. and ATCC, which assures permanent and unrestricted 
availability of the progeny of the culture of the deposit to the public upon issuance of the pertinent U.S. patent 
or upon laying open to the public of any U.S. or foreign patent application, whichever comes first, and assures 
availability of the progeny to one determined by the U.S. Commissioner of Patents and Trademarks to be 
entitled thereto according to 35 USC §122 and the Commissioner's rules pursuant thereto (including 37 CFR 
§1.14 with particular reference to 886 OG 638). 

The assignee of the present application has agreed that if a culture of the cell line on deposit should 
die or be lost or destroyed when cultivated under suitable conditions, the cell line will be promptly replaced 
on notification with another of the same plasmid. Availability of the deposited cell line is not to be construed 
as a license to practice the invention in contravention of the rights granted under the authority of any 
government in accordance with its patent laws. 

The foregoing written specification is considered to be sufficient to enable one skilled in the 
an to practice the invention. The present invention is not to be limited in scope by the construct deposited, 
since the deposited embodiment is intended as a single illustration of certain aspects of the invention and any 
constructs that are functionally equivalent are within the scope of this invention. The deposit of material herein 
docs not constitute an admission that the written description herein contained is inadequate to enable the 
pi^actice of any aspect of the invention, including the best mode thereof, nor is it to be construed as limiting the 
scope of the claims to the specific illustrations that it represents. Indeed, various modifications of the invention 
in addition to those shown and described herein will become apparent to those skilled in the art from the 
foregoing description and fall within the scope of the appended claims. 
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SEQUENCE LISTING 
{1} GENERAL INFORMATION: 

(i) APPLICANT: Genentech, Inc. 
(ii) TITLE OF INVENTION: Apo-2 Ligand 
(iii) NUMBER OF SEQUENCES: 8 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc 

(B) STREET: 4 60 Point San Bruno Blvd 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 
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(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
*5 (B] COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: WinPatin (Genentech) 

{vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
20 (B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/584031 

(B) FILING DATE: 09-JAN-1996 

25 (viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Marschang, Diane L. 

(B) REGISTRATION NUMBER: 35,600 

(C) REFERENCE/ DOCKET NUMBER: P0978P1PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/225-5416 

(B) TELEFAX: 415/952-9881 
fC) TELEX: 910/371-7168 

[2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 281 amino acids 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 



Met Ala Met Met Giu Val Gin Giy Gly Pro Ser Leu Gly Gin Thr 
^ 5 10 15 

Cys Val Leu lie Val lie Phe Thr Val Leu Leu Gin Ser Leu Cys 
20 25 ^0 

Val Ala Val Thr Tyr Val Tyr Phe Thr Asn Glu Leu Lys Gin Met 
35 40 45 

Gin Asp Lys Tyr Ser Lys Ser Gly He Ala Cys Phe Leu Lys Giu 
50 55 60 

Asp Asp Ser Tyr Trp Asp Pro Asn Asp Glu Glu Ser Met Asn Ser 
65 70 75 
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Pro Cys Trp Gin Val Lys Trp Gin Leu Arg Gin Leu Val Arg Lys 
80 85 9C 

Met lie Leu Arg Thr Ser Glu Glu Thr He Ser Thr Val Gin Glu 
95 100 105 

Lys Gin Gin Asn He Ser Pro Leu Val Arg Glu Arg Gly Pro Gin 
110 115 120 

Arg Val Ala Ala His He Thr Gly Thr Arg Gly Arg Ser Asn Thr 
125 130 135 

Leu Ser Ser Pro Asn Ser Lys Asn Glu Lys Ala Leu Gly Arg Lys 
140 145 150 

He Asn Ser Trp Glu Ser Ser Arg Ser Gly His Ser Phe Leu Se^ 
155 160 165 

Asn Leu His Leu Arg Asn Gly Glu Leu Val He His Glu Lys Gly 
170 175 180 

Phe Tyr Tyr He Tyr Ser Gin Thr Tyr Phe Arg Phe Gin Glu Glu 
185 190 195 

He Lys Glu Asn Thr Lys Asn Asp Lys Gin Met Val Gin Tyr He 
200 205 210 

Tyr Lys Tyr Thr Ser Tyr Pro Asp Pro lie Leu Leu Met Lys Ser 
215 220 225 

Ala Arg Asn Ser Cys Trp Ser Lys Asp Ala Glu Tyr Gly Leu Ty 
230 235 240 

Ser He Tyr Gin Gly Gly He Phe Glu Leu Lys Glu Asn Asp Arg 
245 250 255 

He Phe Val Ser Val Thr Asn Glu His Leu He Asp Met Asp His 
260 265 270 

Glu Ala Ser Phe Phe Gly Ala Phe Leu Val Gly 
275 280 281 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 2 base pairs 

(B) TYPE: Nucleic Acid 
CC) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

TTTCCTCACT GACTATAAAA GAATAGAGAA GGAAGGGCTT CAGTGACCGG 50 
CTGCCTGGCT GACTTACAGC AGTCAGACTC TGACAGGATC ATGGCTATGA 100 
TGGAGGTCCA GGGGGGACCC AGCCTGGGAC AGACCTGCGT GCTGATCGTG 150 
ATCTTCACAG TGCTCCTGCA GTCTCTCTGT GTGGCTGTAA CTTACGTGTA 200 
CTTTACCAAC GAGCTGAAGC AGATGCAGGA CAAGTACTCC AAAAGTGGCA 250 
TTGCTTGTTT CTTAAAAGAA GATGACAGTT ATTGGGACCC CAATGACGAA 300 
GAGAGTATGA ACAGCCCCTG CTGGCAAGTC AAGTGGCAAC TCCGTCAGCT 350 
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CGTTAGAAAG ATGATTTTGA GAACCTCTGA GGAAACCATT TCTACAGTTC 400 
AAGAAAAGCA ACAAAATATT TCTCCCCTAG TGAGAGAAAG AGGTCCTCAG 4 50 
AGAGTAGCAG CTCACATAAC TGGGACCAGA GGAAGAAGCA ACACATTGTC 500 
TTCTCCAAAC TCCAAGAATG AAAAGGCTCT GGGCCGCAAA ATAAACTCCT 550 
GGGAATCATC AAGGAGTGGG CATTCATTCC TGAGCAACTT GCACTTGAGG 600 
AATGGTGAAC TGGTCATCCA TGAAAAAGGG TTTTACTACA TCTATTCCCA 650 
AACATACTTT CGATTTCAGG AGGAAATAAA AGAAAACACA AAGAACGACA 700 
AACAAATGGT CCAATATATT TACAAATACA CAAGTTATCC TGACCCTATA 750 
TTGTTGATGA AAAGTGCTAG AAATAGTTGT TGGTCTAAAG ATGCAGAATA 800 
rGGACTCTAT TCCATCTATC AAGGGGGAAT ATTTGAGCTT AAGGAAAATG 850 
ACAGAATTTT TGTTTCTGTA ACAAATGAGC ACTTGATAGA CATGGACCAT 900 
GAAGCCAGTT TTTTCGGGGC CTTTTTAGTT GGCTAALTGA CCTGGAAAGA 950 
AAAAGCAATA ACCTCAAAGT GACTATTCAG TTTTCAGGAT GATACACTAT 1000 
GAAGATGTTT CAAAAAATCT GACCAAAACA AACAAACAGA AA 104 2 
{2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS' 

(A) LENGTH: 390 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GGGACCCCAA TGACGAAGAG AGTATGAACA GCCCCTGCTG GCAAGTCAAG 50 
TGGCAACTCC GTCAGCTCGT TAGAAAGATG ATTTTGAGAA CCTCTGAGGA 100 
AACCATTTCT ACAGTTCAAG AAAAGCAACA AAATATTTCT CCCCTAGTGA 150 
GAGAAAGAGG TCCTCAGAGA GTAGCAGCTC ACATAACTGG GACCAGAGGA 200 
AGAAGCAACA CATTGTCTTC TCCAAACTCC AAGAATGAAA AGGCTCTGGG 250 
CCGCAAAATA AACTCCTGGG AATCATCAAG GAGTGGGCAT TCATTCCTGA 300 
GCAACTTGCA CTTGAGGAAT GGTGAACTGG TCATCCATGA AAAAGGGTTT 350 
TACTACATCT ATTCCCAAAC ATACTTTCGA TTTCAGGAGG 390 
(2) INFORMATION FOR SEQ ID NO: 4: 



ti] SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 60 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
35 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
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TGACGAAGAG AGTATGAACA GCCCCTGCTG GCAACTCAAG TGGCAACTCC 50 
GTCAGCTCGT 60 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 60 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

<xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 



10 GGTGAACTGG TCATCCATGA AAAAGGGTTT TACTACATCT ATTCCCAAAC 50 
ATACTTTCGA 60 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 13 amino acids 

(B) TYPE; Amino Acid 
(D) TOPOLOGY: Linear 

(Jti) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ser Met Glu Gin Lys Leu He Ser Glu Glu Asp Leu Asn 
5 10 13 

20 (2) INFORMATION FOR SEQ ID NO: 7: 

fi) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 27 amino acids 

(B) TYPE; Amino Acid 
(D) TOPOLOGY: Linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

Lys Tyr Ala Leu Ala Asp Ala Ser Leu Lys Met Ala Asp Pro Asn 

^ 10 15 



30 



Arg Phe Arg Gly Lys Asp Leu Pro Val Leu Asp Gin 
20 25 27 

(2) INFORMATION FOR SEQ ID NO: 8: 



(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 24 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Met Gly His His His His His His His His His His Ser Ser Gly 
5 10 1^ 

His He Asp Asp Asp Asp Lys His Met 
20 24 
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WHAT IS CLAIMED IS. PCT/US,7/fl0272 

l»la«d biologically «,iveApo-2ligand comprising amino acid residues 114-28, ofFi^ 

The Apo.2 ligand of claim 1 comprising amino acid residues 4 1 -28 1 ofFigure lA 
The Apo-2 ligand of claim 2 comprising amino acid residues 15-281 ofFigure 1 A 
TlicApo-2Iiga„dofclaim3comprisingaminoacidrcsiduesl-281 ofFigure lA 
Isolated biologically active Apo-2 ligand having amino acid residues 1-281 ofFigure lA 
Isolated biologically active Apo.2 ligand having a, leas, about 80% sequence identity with' 

the ftll-length native human Apo.2 ligand comprising amino acid residues 1-281 
ofFigure lA; 

(b) the extracellular region of native human Apo.2 ligand comprising amino acid 

residues 41-281 ofFigure lA; or 
(0 the extracellular region „f native human Apo.2 ligand comprising amino ,cid 

residues 1 14-281 ofFigure lA. 

-hei.h.roffa)."::^'""""""""""""''"'"''""'^ 

n«, ^ *' ' f-^" •» ' heterologous 

polypeptide sequence. ^ 

10. ■"■"himericpolypeptideofclaimQwh.r.insaidheterologouspolypep.idescuenceisatag 
polypeptide sequence. ^ 

1 1 . Isolated nucleic acid encoding Apo-2 ligand. 

" am- h' .,''""''"""°'''""''*''"''""""-'"-^«"-^^Apo-21igandcomprising 
ammoacidresidues 114-281 of Figui«lA. 

13. TKe nucleic acid of claim 1 1 wherein said nucleic acid encodes Apo-2 ligand comprising 
aminoacidresidues4l-281 OfFigure )A. "'^omprismg 

M. •n»nu.kic.cidofcIaim.,whereinsaid„ucleicacidencodesApo.21igandhavi„gamino 
acid residues 1-281 ofFigure lA. 

1 5. A vector comprising the nucleic acid of claim 1 1 . 

16. A host cell comprising the vector of claim 15. 

17. AmethodofproducingApo-2Iigandcomprisingcu!tjrinfithehostcanofclaim 16and 
recovering the Apo-2 ligand from the host cell culture. 

18. A composition comprising Apo-2 ligand and a phamiaceutically-acceptable carrier 

2«, J'' '«-h---<iApo-2Iigandcomprisesaminoacid^idues 1.4- 

^51 or Figure lA. 

20. A composition usefi.1 for stimulating mammalian cell apoptosis comprising an effective 
amount of Apo-2 ligand in a phannaceutically-acceptabic carrier 
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21. A mahod of inducing apoptosis in mammalian celis comprising exposing mammalian cells 
to an effective amount of Apo-2 ligand. 

22. A method of treating a mammal having cancer, comprising administering to a mammal 
diagnosed as having cancer an effective amount of Apo.2 ligand. 

5 23. The method of claim 22 wherein said cancer is breast cancer or colon cancer. 

24. An article of manufacture, comprising: 
a container; 

a label on said container; and 
a composition contained within said container; 
wherein *e composition includes an active agent effective for inducing apoptosis, the label on said 
contamer indicates that the composition can be „„d to induce apoptosis. and the active agent in said 

compositioncomprises Apo-2 ligand. 

25. article of manufacture of claim 24 funher comprising instntctions for administering the 
Apo-2 ligand to a mammal. 

26. An antibody which binds to Apo-2 ligand. 

27. The antibody of claim 26 wherein said antibody is a monoclonal antibody. 

28. The antibody of Claim 27 having the biological chai^cteristics of the IDI monoclonal 

antibody produced by thehybridoma cell linedeposited under American T^^ 
Number ATCC . 

29. •n'««ntibodyofClaim27whereind,eantibodybmdstomesameepitopeas.heepitopeto 
whtch the IDl monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

30. T»e antibody of Claim 27 having the biotogical characterisUcs of the 2G6 monoclonal 



31. ■n>«-«il>odyofClaim27whe„intheantibodybindstothes«„eepitopeasthe.pitope.o 
Whtch the 2G6 monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

32. The antibody of Claim 27 having the biological characteristics of the 2EI 1 monoclonal 
ju^odypr^u^d by thchybridoma cell line deposit^^ 

wh- H .H ",p, , '"'"'^ " "'"""^ ''""^ ^' '"""^ " ^ «P"ope '0 

whch the Ellmonoclona, antibody produced by the hyhridomacell line deposited under AmericanType 
Culture Collection Accession Number ATCC binds. 

^' " ^--»-stics of the 5C2 monoclonal 

^..bo^yp^ced by the hybrido^cell line deposited under American Type Culut^Col^^^^ 
Number ATCC 
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35. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 5C2 monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

36. A hybridoma cell line which produces the antibody of Claim 27. 

5 37. The hybridoma of Claim 36 comprising American Type Culmre Collection Accession 
Number ATCC . 

38. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

39. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
1 0 Number ATCC . 

40. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

41. A non-human, transgenic animal which contains cells that express nucleic acid encoding Apo- 

2 ligand. 

1 5 42. The animal of claim 4 1 which is a mouse or rat. 

43. A non-human, knockout animal which contains cells having an altered gene encoding Apo-2 

ligand. 

44. The animal of claim 43 which is a mouse or rat. 
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Fig. 3 a 1 




o Control 
• Apo-2L 



0-01 0.1 7 10 
Apo-2L (pg/wi) 



100 



a 
o 
a 




s Control 
*Apo-2L 



wo 97/25428 



5/14 



PCT/US97/00272 




wo 97/25428 



6/14 



PCTAiS97/00272 




(SIUBJ6) iqemM Jomni 



wo 97/25428 



7/14 



PCT/US97/00272 



v5 




— r 



(SUJBJ6) Joiuni 



wo 97/25428 



8/14 



PCT/US97/00272 




(^UJUJ) 82!S JOLUni 



9/14 



PCT/US97/00272 




(SUJBJ6) ;q6|aM jouini 



10/14 



PCT/US97/00272 




siso^dodv % 



wo 97/25428 



11/14 



PCT/US97/00272 




Fluorescence (Annexin-V-FITC) 



wo 97/25428 



12/14 

fij.il 



PCT/US97/00272 




Monoclonal Antibody 



INTERNATIONAL SEARCH REPORT 



litter mil Ap;4iCtQon No 

PCi/US 97/00272 



A. CLASSIFICATION OF SUBiECT MATTER 

IPC 6 C12N15/28 C07K14/525 C12N15/62 C12N15/86 C12N5/10 
A61K38/19 C07K16/24 C12N5/18 A01K67/O27 

Accordtnt to (ntemational Piunt aMgficHioii (IPC) or to both n>tionil dmificitioo and IPC 



B. FIELDS SEARCHED 



MiniRMin documenution lurched (diniticatioo tyitem followed by dAsaricjtion symboli) 

IPC 6 C12fJ C07K A61K AOIK 



DocumenUHon lurched other than minimum documenutioo to the ticteM that wch document* ut iodudcd tn the ftdds itirched 



Electronic lUu base cowulted dunng the irtematiooal «areh (name of dau ba« and, where practical, search letmi med> 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



C*te|ory * Qucion of document, with indicadon, where apptnphatc, ci the relevant panacet 



Relevant to claim No. 



IMMUNITy, 

vol, 3, no. 6, December 1995, 

pages 673-682, XP0OQ572297 

STEVEN R. WILEY ET AL.: "Identification 

and characterization of a new member of 

the TNF family that induces apoptosis" 

see abstract 

see page 673, right-hand column, paragraph 
4 - page 674, left-hand colunn, paragraph 
2; figure 1 

see page 674, left-hand column, last 
paragraph - page 675, left-hand column, 
paragraph 1 

see page 676, right-hand column, paragraph 
4 - page 678, left-hand column, paragraph 
2 



1-44 



Further documcoti are lilted m lh« contmuanoa or box C. 



|X j fimly monbcr* are listed m anaex. 



Speaal caicforia of died document! : 

A' document de&nini (he teneral itatc of Uke art which it noc 

conadered to be of paincular rdcvancc 
*E* caflicr docunwnt but puUiihcd on tv after the tatcmttional 
Alini date 

L* document which may throw douba on pnority dsjn<i) or 
wind) a oud to ciUNtth dw pubUcatton data of anodwr 
dtation or odier tpcaal reason (ai (pectlicd) 

O' document nrforiRS to an oral ditdorare, uce, cahifaitian or 
odia- mam 

P* dooBTKnt lAMishcd pnor to the totcniational liltn« date but 



later documoit published after the mtemaQonal Hling date 
or prionty d«e and not in eonOia with the MpUcahon but 
cited to imdentind the phncipic or theory uaderlyinf (he 



X document of particular rdevanoe; die dttmed invottioo 
canooc be oooidcred novd or cannot be conadered « 
tovolve an tovcRdve ncp when the document ii taken alone 

*Y' doctancnt of pvtiarfar relevance; Ibe daimed iavention 
cannot be oonadcnd to involve an invcnbtc ttep when the 
document u axnbined with one or man odier luch doeu- 
aaitSt Mch comfatnatraa being obvioui to a poson tfciUed 
iatbcart. 



Oau of Ih* actual conqdetion of die intcmatioaal Kaicb 

23 May 1997 


DaU of mailuts of Ok totcmatioaal atarch report 

0 3.06.97 


Name and maitinc addrcis of the CA 

European Patent OGTicc. P.B. 3111 Patent! aan 2 
NL • 2210 HV (Uitwi* 
Td.(* 11-70) J40.2040. Ti, 31 6Si cponl. 
F«c(^}|.70) 34O-301« 


Authorized ofCcer 

Monte ro Lopez, B 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inte- lonxj Applicttion No 

pct/us "^i/min 



C(ConOnu«aon) DOCUMENTS CONSIDERED TO BE RELEVANT 



CiUsory * Dunon ot docutnent, Mdi mdicaaon. when tppropnau, of the rdcvant puufci 



Relevtnt w citjtn No. 



P,X 



P.X 



JOURNAL OF BIOLOGICAL CHEMISTRY, 

vol. 271. no. 22, 31 May 1996, MD US, 

pages 12687-12690. XP002031265 

ROBERT PITTI ET AL, : "Induction of 

apoptosis by Apo-2 ligand, a new member of 

the tumor necrosis factor cytokine family" 

see abstract 

see page 12688, left-hand column, 
paragraph 1 - page 12690. right-hand 
column, paragraph 1 

EUROPEAN CYTOKINE NETWORK. 

vol. 7. no. 2, April 1996 - June 1996, 

page 159 XPO00672223 

A. ASHKENAZI ET AL.: "Induction of 

apoptosis by APO-2 ligand, a new member of 

the tumor necrosis factor cytokine family" 

see the whole document 

WO 97 01633 A [IMMUNEX CORPORATION) 16 



1-44 



1.21 



1-44 



January 1997 
see page 2, line 24 
see page 4, line 13 
see page 8, line 5 - line 15 
see page 10. line 7 - page 11. line 6 
see page 14. line 13 
examples 1,4,5.8.9 



page 3. line 16 
page 5. line 6 



page 28. line 34; 



form PCT/ISA^O ((BftllMUttM Of mcoM <Mr I*") 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



cmuiiMiiJ ippltouion No. 



PCT/US 97/0Q272 



Box 1 Ubscrvations whtre certain claims were found unsevcbable (Conttiiualion of item I of flnt ihect) 



Thij IntcrntuofiaJ Seirch Repori hu noi been established in reipecl of ocruin dainu under Ariide 17(3)[a) for the fallowing rcuoni: 



Remark: Although claim 21» as far as concerning an in vivo method, and 
claims 22 and 23 are directed to a method of treatment of the human/an1nal 
body» the search has been carried out and based on the alleged effects 
of the compound. 



2. I I Claims Nos.; 

beciusc they rcllte [O puis af the (nternaiionii Application thtl do not comply with the pretcrtbed rcquirrmenU to such 
lA extent that no meaningful IniemationaJ Search can be orrwd out, spcdfkally: 



because they are dcpendem daimi and are not drafted rn accordance with the lecond aitd third lentcnoei of Rule 6.4(a). 



Sox II ObserTBiions where tuiity of tnrcniion I'l lackin; (Coniinuation of tUm 2 of first shed) 



This InternauoniJ Starching Authority found multiple inventions in this iniemaiional appbuiion, as foilowt: 



f I Ai all required iddicionai search fees were timely paid by the applicant, this Intemalional Search Report covert all 
searchable dainu. 



[ I As all learchable daims could be searched without efTort justifying an additional fee, this Authority did not invite 
of any additionaJ fee. 



Ai only some of the required additional search fee* were timely paid by the applicant, [his ImemaiionaJ Search Report 
covers only those cltims for which feet were paid, spedfieally daims Nos.: 



No required aiiditionil search fees were timely paid fay the appticanL Consequently, this International Scardi Report tt 
rcitricied to the invention fu-st nMmioncd in the daims; it ii covered by daims Nos.: 




Claims Noi.: 21.22,23 

because thry relate to subject maiier not required to be searched by this Author iiy, namely: 







Remark on f^atcst 





No protest accompanied the payment of addiUonal search fees. 



Form PCT,1SA,*210 (eonunuation of first sheet (I)) (iuly 



INTERNATIONAL SEARCH REPORT 

nfocmation on patent fuiuly mctnben 



Intr lotul Appltuoon No 

Ptr/US 97/G0272 



Patent docuiTKnt 
cited in ccsrch repon 



Publication 
due 



Patent family 
mcmbcr(t) 



Publication 
date 



WO 97Q1633 A 



16-01-97 



AU 6340796 A 



30-01-97 



Fm« PCT,tSA/lU (ptMU fMuty wmni {Mf imt 



